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1.  INTRODUCTION

Historical highs for nitroaromatic compounds have been reported over the past
several years in wells in the vicinity of Frog Pond, most notably MW-2012.
Concentrations of nitroaromatic compounds have increased at this location since 1997.
Initial increases were attributed to soil remediation activities performed at the
Department of Energy in this area and possibly remedial activities performed by the
Corps of Engineers in nearby Army Lagoon 1.

1.1  Purpose and Objective

The purpose of this groundwater investigation was to obtain data from the
existing and newly installed monitoring wells in order to delineate the areal extent of
groundwater contamination in the Frog Pond area. Data was also used in an effort to
identify the source(s) or nitroaromatic impact to the groundwater in this area.

The objective of these groundwater field studies was to identify the groundwater
flow directions in the vicinity of Frog Pond and the possible preferential migration
pathways in this area. Data were also to be obtained to determine the areal extent of
groundwater impact in this area.

1.2  Background

The Frog Pond is located in a pre-glacial drainage valley extending north from the
site as determined from the bedrock topography and hydraulic conductivity distributions
in this area. Review of pre-ordnance works topography shows that both Frog Pond and
Army Lagoon 1 were constructed in a stream drainage, which is coincident with the
preglacial drainage. Previous site characterization indicates that these pre-glacial
drainages are locations for preferential groundwater and contaminant movement.

Groundwater in Frog Pond has exhibited elevated nitroaromatic compound impact
since monitoring was initiated in 1987. Prior to 1997, the area of highest nitroaromatic
compound impact was in the vicinity of MW-2013, located south of MW-2012. This
well; however, was installed closer to where the production houses for TNT Line #1 were

located.
1.3  Document Organization

Section 2 Drilling and Well Installation — A summary of the well installation
activities and interpretation of the geologic and hydrogeologic data
obtained during soil and rock drilling.

Section 3 Hydrogeologic Data Analysis — A summary of the hydrogeologic
information obtained during drilling and testing and baseline
groundwater levels.

Section 4 Analytical Data — A summary of the analytical data obtained from the

- pumping wells and the surrounding monitoring wells and springs.

DOE/GJ/79491-942 Rev. 0 1
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Section 5
Section 6

Section 7

Section 8

Appendix A
Appendix B
Appendix C
Appendix D

Potential Source Survey — A summary of the historical data review and
exploratory trench performed in support of this investigation.

Quality Control — A summary of data evaluation performed on the
analytical data to determine whether data quality objectives were met.
Conclusions — An overall summary of the effectiveness for improving
contaminant removal in the study area by implementing the
modifications evaluated under this study and a determination of the
effects of extracting groundwater on contaminant levels in Zone 1.
References — A summary of the reference documents used in the
preparation of this report.

Geologic logs, packer test field sheets, and monitoring well details.
Analytical data.

Quality control data.

Nitroaromatic Soil/Source Investigation in the Frog Pond Area

DOE/GJ/79491-942 Rev. 0 2
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2. DRILLING WELL INSTALLATION

Seven monitoring wells were installed in support of this groundwater
investigation (Figure 2-1). Three of the wells were drilled beginning in October 2000
and development was completed in December 2000. Four additional wells were drilled
beginning in November 2001 and well development was completed in January 2002. All
work was performed as specified in Frog Pond Groundwater Investigation Sampling
Plan (Ref. 1) and in the task description for Work Package WP-487A, Subsurface

Dirilling Services.
2.1  Drilling and Sampling

The monitoring wells were drilled at the locations identified in the Frog Pond
Groundwater Investigation Sampling Plan (Figure 2-1). Drilling and well installation
were performed to supplement the existing monitoring well network and to provide
additional hydrogeologic characterization data related to the study area. Subsurface data
indicate the presence of linear bedrock lows on the surface of the Burlington-Keokuk
Limestone. These lows resemble surface drainages and appear to be preglacial channels
formed by surface erosion of the exposed Mississippian limestone. Testing indicates that
hydraulic conductivity is typically highest in wells completed in these bedrock lows.

Soil drilling and rock coring was performed using a CME-750 all-terrain drill rig.
Hollow stem augers having an inside diameter (ID) of 4-1/4 inches and outside diameter
(OD) of 8-1/4 inches were used to drill through the overburden. Soil sampling using a
split-spoon sampler was performed only near the base of the soil zone in order to identify
the top of the bedrock. Soil was described using the Unified Soil Classification System.
Data obtained from the soil descriptions was consistent with previous investigations.

Core drilling was performed in all 6 boreholes once the top of rock was
determined by either auger refusal or visual inspection of samples. Temporary casing
with an ID of 3-1/8 inches was placed to the top of rock. Nominal 2-inch diameter core
was obtained using NQ wireline drilling methods producing a 3-inch diameter borehole.
A split inner barrel was used to help maintain core integrity. Coring was continued until
the field geologist determined that the depth was sufficient to place the monitoring well.
Typically, coring was stopped approximately 15-ft below the static groundwater level.
Geologic logs are included in Appendix A. Data obtained from the rock descriptions was
consistent with previous investigations in this area.

2.2  Packer Testing

During drilling of the monitoring wells, the bedrock was pressure tested (packer
. tested) using methods described in the Groundwater Manual (Ref. 2) at approximately
10-ft intervals throughout the length of the boring. At the completion of a core run, the
inner barrel was removed and the hole was flushed with water to remove drill cuttings.
The drill pipe and outer core barrel were then pulled out of the borehole. A single packer
assembly was installed in the borehole and inflated at the top of the test interval. The

DOE/GJ/79491-942 Rev. 0 3
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COMPLETION REPORT FOR THE FROG POND GROUNDWATER INVESTIGATION

open hole below was then pressurized by pumping water directly into the boring through
a water pipe extending through the packer. Test pressure and flow rates were measured
with a pressure gauge and water meter, respectively. Results from the packer testing are
presented in Section 3.

2.3 Well Installation

After the completion of coring and packer testing, the vertical boreholes were
reamed from 3-inch diameter to 6-inch diameter in order to construct a well. The hollow
stem augers were left in the hole to serve as casing through the soil zone. Reaming was
accomplished using an Ingersoll-Rand TH-60 air rotary drill equipped with a tri-cone bit.

The 7 monitoring wells were constructed using 2-inch stainless steel (316) casing
and screen (0.010-inch slot). The filter pack was constructed of silica sand (20-40
gradation). The well was surged to compact the sand during installation to prevent
bridging. Bentonite pellets formed a seal above the filter pack and bentonite slurry was
used, as the annular seal to within 2-feet of the ground surface. A summary of the well
construction is provided in Table 2-1. Well construction details are presented in
Appendix A.

Table 2-1 Well Construction Details
Coordinates Elevation Screened Total
WellID | \orthing Easting | Ground g:gl:; '(';t‘:'gf’:)' Depth (ft)

2049 1043408.75 756270.80 634.12 637.02 39.0 -44.0 45.0
2050 1043266.62 756323.47 636.62 640.11 39.0 -44.0 44.0
2052 1043928.24 756051.16 622.29 624.82 30.0 -40.0 41.0
2053 1043421.87 755919.13 640.76 643.19 45.0 - 55.0 56.0
2054 1042960.26 755929.99 650.04 652.58 50.0 — 60.0 61.0
4030 1043403.12 756457.20 642.54 645.04 50.0 - 55.0 56.0
4039 1043537.82 756647.70 646.40 648.94 52.0 -62.0 62.3

Note: bgs = below ground surface
24  Well Development

Following a minimum of 24 hours after well completion, all wells were developed
using a pump and surge technique combined with over-pumping. Development was
accomplished by initially removing water and sediment by hand bailing. The bailer was
raised and lowered several times within the water column to provide a surging action to
breakdown skin effects on the borehole caused by the drilling process. After completion
of surging using the hand bailer, the well was pumped using a Grundfos Redi-Flo2 pump
to remove groundwater. Three well volumes were removed from each well prior to
determining stabilization. Physical parameters including temperature, conductivity, -
turbidity, and pH were measured until all were stable and turbidity-free water was noted.
Well development records are presented in Appendix A.

DOE/GJ/79491-942 Rev. 0 . 5
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3. HYDROGEOLOGIC DATA ANALYSIS

3.1  Bedrock Stratigraphy

The Burlington-Keokuk Limestone unit has been divided into two units based
primarily on the degree of weathering: the upper weathered unit and the lower
unweathered unit. The weathered unit typically exhibits a strongly weathered subzone .
that shows a considerably higher degree of weathering and is characterized by vuggy,
weakly cemented chert breccia with minor limestone fragments in a sandy, clayey matrix
(Ref. 3). This zone is qualitatively recognized as the strongly weathered subunit and is
generally found at the top of the weathered unit in this portion of the site, although it is
discontinuous across the entire site. Hydrologic testing in the weathered and
unweathered Burlington-Keokuk generally shows higher hydraulic conductivity values in
the weathered unit. The strongly weathered subunit averages still higher results than the
weathered unit (Ref. 3).

3.2  Bedrock Topography

Drilling performed at the chemical plant and surrounding area has identified
linear bedrock lows on the surface of the Burlington-Keokuk Limestone (Ref. 3). These
topographic lows resemble surface drainages and appear to be pre-glaclal channels
formed by surface erosion of the Mississippian Limestone.

Revision of the bedrock topography using the new top of rock data from the
monitoring wells indicates the presence of the paleochannel extending to the north
through the Frog Pond area (Figure 3-1). This bedrock low follows the pre-1950’s
topography of the area where a creek channel flowed to the west. Contaminant
concentrations obtained from the wells support the conclusion that the flow through this
feature is to the north.

3.3  Fracture Frequency/RQD Results

During the drilling of the wells, fractures were observed in the bedrock core and
noted on the borehole logs (Appendix A). Fracture frequency and Rock Quality
Designation (RQD) were also documented on the logs. RQD is a qualitative
determination of rock quality calculated by taking the cumulative length of recovered
solid pieces of core that are 4 in. or greater in length in a core run divided by the length of
the core run, expressed as a percentage. A summary of the fracture data is presented in
Table 3-1.

DOE/GJ/79491-942 Rev. 0 6
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Table 3-1 Fracture Frequency and RQD Data
) Average Fracture RQD %
Location Stratigraphic Unit I-;;ee?'uf:r;tt:)y (Weighted Average)
MW-2049 Strongly weathered Burlington-Keokuk 5 34%
_ Weathered Burlington-Keokuk 5 30%
MW-2050 Strongly weathered Burlington-Keokuk 4 26%
Weathered Burlington-Keokuk 3 19%
MW-2052 Strongly weathered Burlington-Keokuk Not determined 17%
Weathered Burlington-Keokuk Not determined 22%
MW-2053 Strongly weathered Burlington-Keokuk 2 17%
Weathered Burlington-Keokuk 3 43%
MW-2054 Strongly weathered Burlington-Keokuk Not determined 66%
Weathered Burlington-Keokuk 5 56%
MW-4030 Strongly weathered Burlington-Keokuk 5 16%
Weathered Burlington-Keokuk 5 33%
MW-4039 Strongly weathe'red Burlington-Keokuk Not present Not present
Weathered Burlington-Keokuk 3 45%

Fracture frequencies per foot were similar in core from the strongly weathered
unit and weathered unit of the Burlington-Keokuk Limestone in this portion of the site.
Average fracture frequencies ranged from 2 to 5 fractures per foot. The RQD averages
for the strongly weathered and weathered units were also similar and ranged from 16% to
66%. Review of the geologic logs indicates more core loss and rubble zones in the
strongly weathered unit than in the weathered unit. These results were consistent with
previous geologic investigations of the Burlington—Keokuk Limestone at the chemical
plant. :

3.4  Packer Testing

As the coring progressed, hydraulic packer testing was performed at successive
intervals in the borehole to determine the hydraulic conductivity for discrete intervals of
the limestone. An inflatable rubber packer was expanded within the core hole, typically
10-feet above the bottom of the hole. Water was pumped into the hole below the packer
at various pressures; typically 10 psi increments. A flow meter recorded the amount of
water pumped into the formation. The results from the testing are provided in Table 3-2.
The results from the testing followed trends noted from previous packer testing at the
site, such as decreasing permeability with depth and the highest permeability exhibited in
the strongly weathered portion of the Burlington-Keokuk Limestone. Packer test field
sheets are contained in Appendix A.

| Summary of Packer Testing Results

Table 3-2
Well Test Interval Test Number | Pressure (psi) K (cm/s) A‘zz::lg:) K
’ 1 15 Bx 10~
2 35 7x10 4
28.0-35.0 3 50 7x10 7x10
Mw-2049 4 20 7x10™
1 25 2x107
35.0-45.0 2 40 4x10~ 3x10*
3 50 6x10™

DOE/GJ/79491-942 Rev. 0 8




COMPLETION REPORT FOR THE FROG POND GROUNDWATER INVESTIGATION

Well Test Interval Test Number | Pressure (psi) K (cm/s) Average K
(cm/s)
1 20 1x10°
2 30 . 3x10™ -4
MW-2050 298-375 3 35 6x10% 3x10
4 20 9x10°
1 5 2x10°
2 10 2x10”° 3
13.0-23.0 3 15 2x10° 2x10
4 5 3x10”
1 10 1x10”
2 15 1x10° -3
MW-2052 24.0-35.0 3 25 1Tx10° 1x10
4 10 1x10°
1 15 5x10°
2 25 5x10° -5
35.0 x 40.0 3 35 5x10° 5x10
4 15 4x10°
1 10 4x10"
2 20 4x10° -4
29.0-39.0 3 30 2x10° 4x10
4 10 4x10*
1 15 2x10”
’ 2 25 2x10” -3
MW-2053 40.0 -50.0 3 20 T%x10° 2x10
4 15 2x10°
1 15 2x10”
2 30 2x10° -3
45.0-55.0 3 a5 1x10° 2x10
4 15 , 2x10”
1 10 1x10°
2 20 1x10™ 5
32.0-41.0 3 30 7x10° 1x10
4 10 1x10°
1 15 1x10
2 30 1x10° -3
MW-2054 44.0-53.0 3 a5 9x10° 1x10
4 15 1x10°
1 15 4x10°
‘ 2 30 6x10™ -5
53.0-60.0 3 50 7X10° 6x10
. 4 15 6x10° :
35.0 -45.0 1 .0 1x10” 1x10°
1 35 2x10°
MW-4030 2 45 5x10° 5
45.0-53.0 3 55 Tx 107 6 x10
4 45 5x10°
) 1 15 2x10°
42.0-495 2 25 2x10° 2x10°
3 15 2x10°
MW-4039 1 25 9x10”
2 40 1x10” 5
495-58.8 3 55 TXx10° 9x10
4 25 8x10°
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40 ANALYTICAL DATA
41  Nitroaromatic Compounds in Groundwater

Six primary nitroaromatic compounds and 5 breakdown products were monitored
in the new monitoring wells and other nearby wells to establish the areal extent of
groundwater impact and to determine possible sources for this impact. Summaries of the
data for the new wells and the existing nearby wells are presented in Tables 4-1 and 4-2,
respectively. Analytical data for each sampling event is contained in Appendix B.

Table 4-1 Nitroaromatic Compound Data® for the New Monitoring Wells

Well Number ]
Parameter 2049 | 2050 | 2052 | 2053 | 2054 | 4030 | 4039
Nitroaromatic Compounds (ug/l) .
?g{;“s’ 14117 16/17 10/10 1010 710 1010 | 010
1T3Ng Mean 028 43 | 29 73 0.16 31 —
Max. 0.81 8.0 37 9.2 0.46 7.1 ND
Min. ND ND 2.0 5.7 ND- 0.16 ND
.‘?gtt;""s’ 2017 817 3/10 3110 2110 9/16 010
1,3-DNB [Mean 0.20 0.12 0.05 0.07 0.04 0.07 -
Max. 18 0.32 0.10 0.23 0.06 0.16 ND
Min. ND ND ND ND ND ND ND
.'?gtﬁ“s’ 717 317 9/10 9/10 oo | 1or0 110
ZT",&.‘;' Mean 0.81 041 047 66 — 13 0.04
Max. 55 0.73 0.61 9.9 ND 23 0.12
Min. ND ND ND ND ND 0.38 ND
. %‘ftz“s’ 15117 16/17 7110 5/10 o0 | 14116 010
24-DNT [Mean 21 %) 0.09 0.12 34 0.18 =
Max. 78 45 0.13 0.33 13 0.21 ND
Min. ND ND ND ND ND ND ND
?:ttaefts’ 1717 16/17 7110 9110 710 15/16 2110
2,6-DNT [Mean 72 6.1 0.4 54 8.3 0.42 0.08
Max. 160 21 0.39 25 32 0.81 031
Min. 34 ND ND_ | WD ND ND ND
‘ijtt:fts’ 117 117 1110 110 2110 0/16 410
NB  [Mean 0.23 0.04 0.04 037 0.0 = 0.04
Max. 2.7 0.35 0.08 24 0.45 ND 0.04
Min. ND ND ND ND ND ND ND
Breakdown Products (ug/l)
I il R 7 8/8 6/6 5/6 5/6 8/8 116
i'g{‘t‘)'ﬁ}' Mean 14 19 23 24 013 1.0 0.03
' Max. X 3.2 32 38 0.27 15 0.10
Min. ND 1.0 1.7 ND ND 0.69 ND
. .'?jtt:lc‘s’ 718 718 666 | 6/ 5/6 8/8 16
3’25'3'&‘%' Mean 24 2.0 11 2.2 0.19 11 0.11
' Max. 4.0 31 15 2.7 0.35 15 0.56
Min.. ND ND 0.73 16 ND 0.84 ND

DOE/GJ/79491-942 Rev. 0 10
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Well Number
Parameter
2049 2050 2052 2053 2054 4030 4039
Detects! | e 8/8 5/6 3/6 6/6 218 216
2-NT [Mean 87 9.0 0.36 0.28 55 0.16 0.03
Max. 180 23 1.4 0.78 16 0.46 0.06
Min. 6.6 1.6 ND —ND 0.73 ND ND
.?:,faefts’ 718 718 0/6 BT 416 18 16
3-NT | Mean 37 10 — 0.05 0.36 0.04 0.04
Max. 75 34 ND 0.18 0.95 0.14 0.12
Min. 06 0.01 ND ND ND ND ND
Detects/
Dot 6/8 6/8 116 0/6 4/6 0/8 /6
4-NT [Mean 2.0 28 0.08 — 0.16 — =
Max. 7.4 6.5 0.39 “ND 0.37 ND ND
Min. ND ND ND ND ND ND ND
(a) Data from December 2001 through October 2003
Table 4-2 Nitroaromatic Compound Data® for the Existing Nearby Monitoring Wells
Well Number
Parameter 2006 | 2012 | 2013 | 2014 | 2033 | 2045 | 4015
Nitroaromatic Compounds (ug/) : '
?:tt;"“s’ 16/16 1919 | 1515 | 1515 | 1815 512 /9
}{l’g‘ Mean 49 191 26 22 24 0.08 20
Max. 7.0 350 74 35 65 0.27 55
Min. 0.03 17 0.19 1.1 ND ND 1.1
?:ttael"ts’ 2/16 14/19 215 3/15 115 6/12 0/9
1,3-DNB | Mean 0.07 28 0.06 0.05 0.04 0.08
Max. 0.37 18 0.23 0.07 0.10 0.16 ND
Min. ND ND ND ND ND ND ND
?gtt;"ts’ 4116 1919 10/15 15 | 14115 413 1/9
2T",fj$' Mean 0.25 216 0.33 0.04 0.50 0.07 0.04
Max. 1.7 310 14 0.25 1.1 0.2 0.11
Min. ND 20 ND ND ND ND ND
.?;t;cts’ 6/16 19/19 12115 14/15 715 8112 6/9
24-DNT | Mean 0.08 1127 0.12 0.12 0.20 0.07 0.10
Max. 0.39 1800 0.36 0.34 1 0.10 0.47
Min. ND 170 ND ND ND ND ND
?gg"‘s’ 12/16 19/19 15/15 15/15 14115 11112 9/9
26-DNT [Mean 0.81 947 K 044 12 0,61 0.78
Max. 16 1300 2.3 0.73 ) 0.8 RE
Min. ND 560 0.47 0.21 ND ND 0.42
'ijtt;“s’ 116 119 0/15 2/15 0115 112 1/9
NB [Mean 042 3.0 — 011 = 0.04 0.06
Max. 1.6 69 ND 0.03 ND 05 0.32
Min. ND ND ND ND ND ND ND
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Parameter Well Number
2006 | 2012 | 2013 | 2014 | 2033 | 2045 | 4015
Breakdown Products (ug/l)
Detects/ i
oo 5/5 nm 5/5 5/5 5/5 55 | 565
2-amino-
4,6-DNT | Mean 15 13 K 0.38 1.0 057 24
Max. 1.7 17 16 0.45 1.6 0.71 25
Min. 12 5.8 0.6 0.3 0.2 0.4 22
.'?gtt:l‘“s’ 5/5 37 5/5 5/5 4/5 5/5 5/5
;'gfg;ﬁ‘ Mean 1.3 53 12 0.60 12 059 28
' Max. 1.6 3 | 16 0.7 1.9 0.60 3.0
Min. 1.4 ND 0.77 0.49 ND 0.45 26
?gtt:fts’ 415 7 2/5 115 35 1/5 115
2NT [Mean 031 2014 0.18 0.14 15 0.05 07
Max. 0.58 2300 0.44 0.57 46 0.11 0.75
Min. ND 1500 ND | ND ND ND ND
Detects/
Dete 1/5 m 05 0/5 2/5 /5 /5
3NT [Mean 0.04 143 — = 011 — —
Max. 0.07 160 ND ND 0.26 ND ND
Min. ND 110 ND ND ND ND ND
Detects/ ‘
o 0/5 mn /5 /5 1/5 0I5 0/5
4-NT [Mean — 531 - — 0.09 — —
Max. ND 770 ND ND 0.37 ND ND
Min. ND 250 ND ND ND ND ND

(@) Data from December 2001 through October 2003

The distributions of the nitroaromatic compounds in groundwater are depicted on
Figures 4-1 through 4-10. These distributions represented the average of data collected at
each location during 2003 (January through October). ,The compounds 1,3,5-TNB, 2,6-
DNT, and 2-Amino-4,6-DNT cover the larger areal extent. The remainder of the
nitroaromatic compounds are centered primarily on MW-2012. Groundwater impact
extends off-site to MW-4015, located north of the Frog Pond area

The distribution of nitroaromatic compounds in groundwater shows evidence of
strong control by the paleochannel located in the area. The areas of greatest
contamination are centered on MW-2012, which appears to be within the paleochannel
itself. Elevated concentrations also occur in MW-2050 and MW-2053 that are located in
bedrock lows that intersect the paleochannel. Nitroaromatic compounds extend to the

north along the bedrock low as shown by elevated levels measured in MW-4015.

4.2  General Groundwater Quality

Baseline groundwater quality samples were collected from each of the newly
installed wells to determine whether groundwater impact from other than nitroaromatic
compounds had occurred in this area. During the initial phase of the investigation, the
wells were analyzed for radiochemical parameters, metals, anions, and volatile organic
compounds. Based on the results from these three wells, the wells installed under
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COMPLETION REPORT FOR THE FROG POND GROUNDWATER INVESTIGATION

Addendum 1 (Ref. 1) were sampled only for metals, nitrate, and uranium. A
summary of the data is presented in Table 4-3.

Table 4-3 Groundwater Quality Data
Parameter Well ID :
MW-2049 | MW-2050 | MW-2052 | MW-2053 | MW-2054 | MW-4030 | MW-4039
Metals (ug/l) ‘ :
Aluminum 1200 293 1110 214 <34.3 1110 509
Antimony <28 <28 <33 <33 <33 <28 <33
Arsenic <15 <1.5 <1.2 <1.2 <1.2 <1.5 <1.2
Barium 142 253 340 232 287 233 193
Beryllium <0.2 <0.2 1.1 0.69 0.68 <0.2 <0.2
Cadmium <03 <0.3 <0.3 <03 <0.3 <0.3 <03
Calcium 110000 122000 274000 151000 72800 95400 71900
Chromium 1.3 “13.7 4 <0.7 <0.7 <0.8 5.8
Cobalt <09 <0.9 19.3 4.9 29 <0.9 2.7
Copper 10.8 2.7 5.9 <14 35 4.4 4.4
Iron 1240 452 1530 527 125 1200 1340
Lead <1.6 <16 <1 <1 <1 <1.6 <1
Lithium <94 <94 12.7 14 20.8 <94 20.3
Magnesium 20200 46900 38700 30400 45500 41400 35100
Manganese 108 344 197 30.9 26.1 85.2 89.8
Mercury <0.1 <0.1 0.1 0.1 (0.35) <0.1. <0.1
Molybdenum 5.2 5.5 <1.3 <1.3 <13 4 10.5
Nickel 31.9 51.7 9.6 5.2 7.9 11.2 274
Potassium 4820 5050 8460 5980 3360 2800 3970
Selenium <22 <22 <1.2 <1.2 <1.2 <2.2 <1.2
Silver <1.3 <1.3 2.1 <17 <1.7 <13 1.8
Sodium 102000 62300 389000 54400 20200 25800 22100
Thallium <3 <3 10.7 7.6 8.3 - <3 7.3
Vanadium 1.7 <13 3.6 <1.8 <1.8 1.7 2.5
Zinc 19.3 17.7 9.6 8.8 4.5 11.9 14.6
Anions (mg/l)
Chloride 123 189 NS NS NS 31.3 NS
Fluoride 0.32 0.24 NS NS NS 0.22 NS
Nitrate 0.34 1.3 0.86 1.5 0.97 6.2 0.5
Sulfate 87.7 60.6 NS NS NS 34.9 NS
Radiochemical (pCi/l)
U, total 1.17 5.41 0.29 3.72 1.02 0.39 2.55
Ra-226 0.68 1.53 NS NS NS 0.70 NS
Ra-228 <0.47 < 0.47 NS NS NS <047 NS
Th-228 (0.07) 0.14 NS NS NS (0.06) NS
Th-230 (0.09) 0.23 NS NS NS <0.64 NS
Th-232 (0.03) (0.04) NS NS NS <049 NS
Volatile Organic Compounds (ug/l) )
TCE <1 <1 NS NS NS <1 NS
DCE, Total <10 <10 NS NS NS <10 NS
PCE 2 <1 NS NS NS (0.99) NS

The groundwater quality data was compared to background values for the
weathered Burlington-Keokuk in the vicinity of the chemical plant site (Ref. 3). The
majority of the analytes were similar to background for the weathered Burlington-
Keokuk limestone. Concentrations of chromium, lithium, molybdenum, nitrate, sulfate,
and thallium were greater than background, although they are similar to historical
concentrations in the Frog Pond area (Ref. 3). Chloride concentrations are significantly
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greater than background; however, runoff from the Missouri Department of
Transportation facility, which stores salt for deicing of the roadways, has historically
entered the groundwater in this area.
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S. POTENTIAL SOURCE SURVEY

In response to increasing nitroaromatic compound concentrations in select wells
in the Frog Pond area, a review of soil characterization data and previous soil removal
actions was performed to evaluate whether a possible source may still be present in the
area.

51 Soil Survey

It was suspected that initial increases in 1999 were the result of remediation in the
Frog Pond area performed in 1998 that included the excavation of soil and foundations
contaminated with nitroaromatic compounds. Trenching was performed in the area
between the settling tank for the wash house (T-16) and the wastewater storage tank (T-
32) to determine if the underground wooded piping was still present. No wooden piping
or TNT stained soil was observed in the three trenches, which were excavated to the top -
of bedrock (Figure 5-1). During 1999, the Department of Army remediated Waste .
Lagoon 1 (Figure 5-1), which contained the waste products (primarily DNT) from the
manufacturing of TNT. It was assumed that contaminant concentrations in groundwater
would decrease after a period of time, however, contaminant levels remained elevated or
showed slight increases.

Trenching was performed again in October 2001 .to investigate possible soil
sources associated with TNT Line #1 (Figure 5-1). These sources included process
building locations, waste tank locations, and surface drainage features. Process building
and waste tank locations were selected to determine if these features had been removed
during previous remediation activities that were performed during the 1950’s and if gross
contamination was present in the adjacent soil. Surface drainages were target because
~ overflows, spills, and wastewater were known to flow into the drainages during the
operation of the TNT manufacturing facility. Trenching was performed because this
original topography had been covered with soil during construction of the uranium
processing facility.

Soil from the trenches was: visually inspected for staining indicative of the
presence of trinitrotoluene. Small pockets of nitroaromatic contamination were noted in
the trench that transected the wash house (T-13). It was estimated that approximately 2
cu yd of soil exhibited nitroaromatic contamination. The trench was not extended beyond
its design limits to further investigate the area. The concentration of trinitrotoluene in the
soil sample collected from the bottom of the trench was 210 mg/kg. The remaining 5
nitroaromatic compounds were less than the detection limit (2.5 mg/kg). The other seven
trenches did not contain any TNT-stained soils; however, a sampled collected at the base
of FP03 produced a TNT concentration of 0.59 mg/kg. Analytical data indicated TNT
levels below the detection limit (0.25 mg/kg) in the remainder of the locations. The
conclusion from these trenching activities was that although small pockets of soil with
visual TNT contamination are present in this area, a soil source of significant size is not
present in the Frog Pond area (Appendix D).
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In May 2002, TNT contaminated soil and a 12-in corrugated metal pipe (CMP)
were encountered during excavation activities in the vicinity of MW-2013 (Fig. 5-1). A2
to 3 in contaminated soil lens was located approximately 6 to 12 in above and at the end
of the CMP, which was buried 2 ft below the ground surface. The CMP also contained
water, which was not groundwater because the CMP was located in unsaturated
overburden. Testing verified the presence of TNT in both the soil and water from the
CMP. Approximately 12 cu yd of material showing visible TNT contamination was
excavated from the area and 150 gal of water removed from the CMP. Analytical data
are presented in Appendix D.

5.2 Groundwater Survey

Primary nitroaromatic compounds and associated breakdown products measured
in the groundwater were evaluated in an effort to determine possible sources. Several of
the primary nitroaromatic compounds breakdown differently through decomposition or
photodegradation and can be indicators of source areas. A summary of breakdown
products and possible source indicators is presented in Table 5-1.

Table 5-1
Primary Compound | Breakdown Products Breakdown Mechanism Source Indicator
1,3,5-TNB Photodegradation Surface spills
2,4.6-TNT 2-Amino-4,6-DNT Decomposition Buried materials or pipeline
; 4-Amino-2,6-DNT Decomposition Buried materials or pipeline
2 4-DNT 1,3-DNB Photodegradation Waste lagoon
' Amino - NTs Decomposition Buried materials or pipeline

The presence of 2,4,6-TNT, 2-Amino-4,6-DNT, 4-Amino-2,6-DNT, or 1,3,5-TNB
would be an indication that groundwater impact was sourced by large surface spills near
the production lines. The presence of 2,4-DNT or 1,3-DNB would be an indication that
groundwater impact was sourced by leakage from one of the waste lagoons used during
TNT manufacturing. ’

It is speculated that the nitroaromatic compound levels present in groundwater are
likely long-term and were not previously observed due to dilution from water infiltrating
from Frog Pond and other surface drainages. Groundwater levels in MW-2012 and other
wells in close proximity to the Frog Pond have been declining since 1998. This decline
would correlate to the diversion of storm water away from the Frog Pond area and the
subsequent removal of the pond itself.
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6. QUALITY ASSURANCE

Data evaluation was performed on the analytical data generated from this
investigation to determine whether Weldon Spring Site Remedial Action Project
(WSSRAP) data quality objectives were met and to ensure overall data quality results
were generated. Data evaluation was performed in accordance with the Environmental
Quality Assurance Project Plan (EQAPjP) (Ref. 4). The data evaluation process was
-completed through data verification, data review, data validation, and data management
activities.

6.1 Data Evaluation

Data verification was conducted in accordance with the sampling plan (Ref. 3), to .
ensure that documentation and data were reported in compliance with established
reporting requirements and standard operating procedures, and to ensure that all analyses
were performed. Analytical results received from the laboratory were reviewed to verify
samples were properly handled according to WSSRAP protocol. The following factors
were reviewed and evaluated: sample identification, chain-of-custody, holding times,
sample preservation requirements, sample analysis request forms, laboratory tracking,
data reporting requirements, and the database transfer.

Data packages were reviewed to ensure the final data were properly identified,
analyzed, reported, and met data quality requirements. The data were also reviewed to
check for inconsistencies with the field quality control samples. Final analytical results
were compared to the preliminary analytical results to identify any changes in data.

6.2  Quality Control Analyses

The Frog Pond Groundwater Investigation Sampling Plant (Ref. 1) indicated that
quality control samples would be taken at a frequency of 1 per 20 samples or 5%.
Quality control samples included matrix duplicates (DU) and matrix spike/matrix spike
duplicates (MS/MD). Matrix duplicates were analyzed for uranium, metals, and anion
samples. Matrix spike/matrix spike duplicates were also analyzed for uranium, metals,
anion, nitroaromatic compound, and volatile organic compound (VOA) samples.
Although the quality analyses were not run on separate samples, the quality control
sample frequency requirement was satisfied. ‘A summary of the number of quality
control samples analyzed is presented in Table 6-1.

TABLE 6-1 Number of Quality Control Samples

NUMBER OF SAMPLES
TYPE PARAMETERS QUALITY TOTAL % OF TOTAL
CONTROL .
Duplicate Radiological, Metals, Anions 29 215 13.5%
. . . Radiological, Metals,
Mgg;:(‘ fgﬁ‘;’iﬁ”;te"x Anions, Nitroaromatic 109 1902 5.7%
Compounds, and VOAs
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Matrix duplicate samples (DU) are aliquots taken from the parent sample at the
laboratory and results are compared to the parent sample and the relative percent
difference (RPD) is calculated for each. The recommended RPD for radiological and
chemical parameters is less than or equal to 50% and 35%, respectively. RPDs are not
calculated for “non-detect” results. Also, if one or both of the results are less than five
times the detection limit, the RPD value is considered of limited value due to higher
tolerance limits near the analytical detection limit. Overall, the data quality does not
appear to be compromised by these variances.

Twenty-nine (29) matrix duplicates were analyzed for this study. The RPD
values ranged from 0 % to 55 %. None of the samples exceeded the recommend RPD
value of 50% for radiological parameters. Two samples exceeded the recommended
RPD value of 35% for chemical analyses and these samples had results for either the
parent sample or duplicate that was less than five times the detection limit; therefore, the
RPD value is considered of limited value due to higher tolerance limits near analytical
detection limits. A summary of the quality control analyses is provided in Appendix C.

Matrix spikes (MS) are sample aliquots split by the laboratory that are treated in
the same manner as the parent samples except these samples have been spiked with a
known amount of the target analytes to determine the precision of the method in a given
sample type or matrix. The samples are processed as regular samples and a percent
recovery is determined after analysis. Matrix spike duplicates (MD) are split samples of
the matrix spike samples that are treated in the same manner as the matrix spike parent
samples. A percent recovery is determined after the analysis as well as the RPD between
the MS and MD. The recommended percent recovery is +/- 20% for radiological and
nitroaromatic compound parameters.

One hundred and nine (109) matrix spike/matrix spike duplicates were analyzed
for this study. The percent recovery values typically were within the acceptable range for
metals, anions, and uranium analyses. The percent recovery values for nitroaromatic
compound analyses were consistently low. Of the 69 MS analyses performed 9 (13%)
reported recovery values less than 80%. All of the samples exhibiting these low
recoveries were nitroaromatic compounds, which typically exhibit low recoveries. Also,
several locations selected for MS analyses were from locations with significant
nitroaromatic compound contamination and the small amount added as a spike was likely
masked by the greater existing contamination. One MS analysis for nitrate reported a
recovery greater than 120%. The RPDs for the MDs were within the acceptable ranges
for all the remaining parameters except for a set nitroaromatic compound results from
MW-2006. Overall, the data quality does not appear to be compromised by these
variances. A summary of the quality control analyses is provided in Appendix C.
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7. SUMMARY AND CONCLUSIONS

7.1 Summary

Core drilling, well installation, hydraulic conductivity testing, and groundwater
sampling were conducted in the Frog Pond area where nitroaromatic compounds have
impacted the groundwater. The wells were installed in two stages, both on the chemical
plant site and on the adjacent Missouri Department of Conservation property. Each stage
was required to provide additional monitoring in areas both on and off site that lacked
groundwater quality data.

Groundwater sampling was performed as the monitoring wells were completed
and developed. Analytical data showed elevated nitroaromatic compound concentrations
in the vicinity of MW-2012. Analytical results from wells installed during this program
were also used to evaluate potential source areas for the nitroaromatic compound
contamination in groundwater.

The distribution of nitroaromatic compounds in groundwater in the impacted area
was further defined as a result of this study. The nitroaromatic compound plume is
centered on MW-2012 located south of Frog Pond, and the higher concentrations are
primarily resident in the bedrock lows within this area. The horizontal extent of
nitroaromatic compound impact in the weathered Burlington-Keokuk has been better
defined through the installation of these wells.

7.2  Conclusions

The objectives for the Frog Pond groundwater investigation program were
accomplished. The program provided significant additional geologic, hydrologic, and
water quality data in the vicinity of the site impacted by nitroaromatic compounds in
groundwater. The areal extent of nitroaromatic compound impact on the groundwater in
the northeastern portion of the chemical plant was better defined through the installation
and sampling of the additional monitoring wells. Furthermore, the hydrogeologic and
analytical data has provided an increased understanding of how the natural setting
beneath the site controls the contaminant migration and fate.

The distribution of nitroaromatic compounds suggests two source areas for the
plume in the Frog Pond area. The primary source area is production line #1, most
notably the T-13 (wash house) and T-16 (wastewater settling tank). Some contribution to
the nitroaromatic contamination originates from Army Lagoon #1. The preferential flow
pathway in the vicinity of Frog Pond has been identified from the bedrock topography
and the contaminant distribution.
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- ; HOLE NOMBER
WELDON SPRING SITE REMEDIAL ACTION PROJECT . . MW-2049
Z SHEET 1 OF 2
BOREHOLE AND WELL COMPLETION LOG S
[72] .

WELL STAiU§/COMMENTS ’ j LOCATION .. |EAST(X):

ACTIVE NE OF DISPOSAL CELL, NEAR FROG POND . 756270.80

DRILLING CONTRACTOFI j DRILL RIG MAKE & MODEL TOC ELEVATION 7.0

LAYNE WESTERN Inc. CME-750 HSA/NXWL; 1-R TH-60 AIR ROTARY 637.02

HOLE SIZE & METHOD ANGLE FROM HORIZONTAL G N OM OF HOLE | TD GRGJND ELEVATION .

9" HSA-20.5; NX-45; 6" AIR-45  Vertical |8 450 s . 634.12

DRILL FLUIDS & ADDITIVES CASING TYPE, DEPTH, SIZE "‘E BEDROCK L STICKUP )

Water core; Air ream 2" 316 SS Mon. Well 20.5 : : ' 2.9

DATE START DATE FINISH E§ WATER LEVELS & ﬁAiE§ - HYm CONI]JLI.[VIIE {em/sec)

: 10-4-00 11-10-00 Mon. Well g ! 7.8x10™% (Packer Test)_
= . ) LITHOLOGY BY = ’ . - ) =
2:l5218(S(8 ALAN BENFER = WELL DIAGRAM[3 S
Salag| e | o8 2 ' B
JEl2gl 5| T |58 = . Se
SZ|wol x| ¥ |B° DESCRIPTION AND REMARKS 2 w
< e =z | & |4 . = o
P b ;o o s
SPT-! T JFIL]  cLay,sity Fo.___ ] il protective Vi ’

/" /] CL | CLAY, silty, low plasticity, dark grayish brown $| Casing with
d (10YR4/2), damp, firm, CL. Probably topsoil. 'éoﬁkbng Criver
- - - ameter X q
SPT-2 3 / CLAY, silty, low to med. plasticity, abundant black Concrote Pad With \\ \\\:
/ - MmOx, mottled light gray (10YR7/2) and yellow 4 Protective Posts \ \\\
1 / X ,—Dr.e.wn (lOYRS(G) damp, fnrm CL. Ferrelview Clay. \ \ L
SPT=31 = . - | B T : \ \ 1630
) ] ' CLAY snlty, as above mednum plastlmty, with FeOx ) \ \
/ . and MnOx. g § §
SPT-4 1 / B CLAY, silty, medium plasticity, mottied light gray and Cen}ralizer 5\\ §
- yellow brown with FeOx and MnOx, damp, firm, CL, N \
, g Tip contains ~5% fine sand. \ \
SPT-5 i0 / CL \
4 CL as above, ~10% fine white sand, firm. Basal : \
/ - Ferrelyiew Clay. \ 625—
L @ e o __LY] \
SPT-8 N CLAY, silty, some limestone gravel, mottied light %1 wen casing N\ \
. gray and yellow brown, with FeOx and MnOx, damp, 2" 316L Stainless \ \
( firm, CL. Clay Till : Steel \
SPT-7 60+ B \
| CL with some gravel as above. §
_ I SRR \ B\
SPT-8 5 74 cn CLAY, high plasticity, ~30% coarse sand and fine gor‘elgglle o \ 620
|— gravel, yellow brown, moist, firm, CH. Chert gravel 5 \
clast in sampler shoe. o \
SPr-6 43 [ cLAY, high plasticity, ~30% angular sand and fine \
~ gravel some up to 1", mottied brown (7.5YR5/3), High~-Solids Bentonite—RRY \
yellow brown and gray, some MnOx, CH. Clay Till. Grout (“Grout-well") \ \\\
PT-10 50+ L " CH with chert gravel as above. - \
™ CLAY, high plasticity with angular fine grave! up to ; \\ 615
| I", mottled dark brown, yellow brown and gray, moist, Centralizer QX \
SPT-1i 50+ 7 A hard, CH. Clay Til. Weathered limestone in tip of - N \\\
NX-1 ) 7.6 m1 JCHRTL \ shoe. Auger refusal at 20.5". A § %
po/iz L T-1tMS]  LIMESTONE AND CHERT, imestone is moderately N N
Te] - weathered, medium- grained, moderately hard, § §
=] locally fossiliferous, highly fractured with minor N N
== - oxidation on fracture surfaces, trace oxidized x \ \
3N pyrite, mostly light gray (NB), some light brown = % %
= = (5YR6/4); minor chert, very light gray. = § \ 610
T_LI | Fluid return for NX-1 ~50-100%. LIMESTONE, : % %
=T strongly weathered, with localized wavy bands of 6" Diameter 3 \ \
Ta=7 [ oxidation, highly fractured with greater than 4 Borehole N N .
g fractures per foot, surfaces are oxidized and open, , \ §
— - core is easily broken, grayish orange to orange oa N N
=T brown. Contains ~50% chert throughout, hard, N N
Tw ~  whitish to light gray to pale orange, locally \ \
] fossiliferous. Strongly Weathered Burnngton- \ % .
T ] = Keokuk Limestone, % \ 605
22| 27 I > >
Eo762" T 2| sea— # 7
T ] - é 3/8" Envir%;ln')lug é é
= Bentonité Chips
Tem ] - Fluid return for NX-2 ~30-50%. Z Z
I A 7
=] - v 4 Y
T - ——~——Approx. Static Watery4 Z
= B J Level at 33.6 feet i i 600~
o
NX-3 2] | 40 = k
43760" - _

M sample Interval [ No Sample Taken  Yminmum  ¥maximum  Yaverage




- ' — HOLE NOWBER ;
WELDON SPRING SITE REMEDIAL ACTION PROJECT - MW--2049
BOREHOLE AND WELL COMPLETION LOG 2 o — -
. § 1043408.75
"'F%T‘T‘E?W‘Ew L STATU NTS ' ' TOCATION EASTIXT: a1
‘I CACTIVE ° . o . L NE OF DISPOSAL CELL NEAR FROG POND v ) 756270.80°
ruEglEel e | 2|8 z WELL DIAGRAM e
=3 |[2jao|w® T o |za . . : o
58 |Z|5E[28] 5 [T IS8 o | =8
o & % Zlwo| w % |5° DESCRIPTION AND REMARKS 21 i
wn o G ’ [£2]
<N T JcoRT ' i
T - R 3
) [43760" [ tMs , , . ] :
=T | @ 36~ 38.6". Predominantly chert, very pale . s 1
Jw=] | orange, fossiliferous, minor styolites. N I
T . : 1
[m ] N x o7
o | 2 : ]
o [=] | Lost circulation at 38.5"; partial return at 44.3". g 595
A "‘_ : r.'. T @ 39.6'- 40.0". Chert with light gray high plasticity - Sgreen -
40 NK-4 (S 76 ] = clay. 2" (10 Slot) 316L SS 4
60/60" - = L~ © 40’- 41.8°. Limestone, strongly weathered, Continuous Wrap ]
: CH solutioned, grayish orange (IOYRB/Z] minor
: ] T . L interbedded chert. Filterpack _
[m] @418~ 44.0' Predominantly chert, grayish biue % 20/40 Silica Sand
. - TJ ! +{5RB5/2); with m(ogegtlet))' weathered limestone, 4 I
- " grayish orange (I0YR7/4), overall rock quality i3 i ; ; i
=T_| - ["X_improved. Weatnered Burlington-keokuk Linestone. _;X': Totar el bepth

. 45— @ 44.0'- 45.Q". Strongly weathered limestone,
. \, grayish orange with-minor light gray chert.
™ Total cored depth 45.0°, 11-3-00. Hole reamed to

44.2-1t. ‘ St 4
6" Hole To T

L\
Mbksk—-l N

- 6" diameter to 45.0' and a 2" monitoring well was 45.0-1t. |
constructed.
7 - 585—1
50"‘ i ™ ' CONSTANT HEAD SINGLE PACKER TEST RESULTS N
| ) B 28.Q - 35.0 ft. K= 7.8BE-4 cm/sec
35.0 - 45.0 ft. K= 5.3E-4 cm/sec 7]
1 ~ 580—

75 -

00 sample Intervat [0 No Sample Taken  ¥minimum  ¥maximum  Yaverage
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o
a0

BOREHOLE DIAGRAM

. 580

Page 1 of 1
MW-2049 |
o
8 a
< | | TQC 837.02° C Ok H .
Elev |Depth 2 o o - - 831 Hydrologic
MSL |BGS <__RQO Values - Strathrf:sphlc Unit ! GS: 634.12° Testing
. R ) ] i ) ] ] LB - N M ° o 4 ___Protective . ]
n 100 80 60 40 20 0 I / ‘Casing with
AR A : / - S Locking Cover.
TR Ty T T : '7"‘“" N \ o matme;e:iwm
H ' ’ . . oncrete Pad Wi
6301 5 H ? : ' § " 4 Protective Posts
B : afv \
- / \ Centralizer
25— : % \
—10 : 100 ' /{ \ E\\E Well Casing
B : : \\s 2" 3I6L Stainless
. § Steel
620~ <o Dianeter
15 : : s \ Borehole
: H Qet \
- , %'——-High-smids Bentonite
- : : \ Grout ("Grout-Well")
615 : : N ‘
[ 20 : - —Centralizer
- 1 205 -1
: [ =
K jomn | | ¢
B 83 Mbkw l:|
L. : -
6/0—_ 25 & l-i " Diameter
o I a0 Borehole
N £ 28.0 (beg)
6051 30 :
N eal .
B 3/8" Enviroplug ; Packer Test:
B 2ar .-, ~ Bentonite Chips i} K=7.8x10"4 cm/s
- Vo 34.0° —~—-Approx. Static Water :
. 35 34 (600.) ; Level at 336 feet : ggg Egnd}
: : I} .0 (beg
o s
o . 300} | :
] 40 : ! (505.4) || = T—Screen i packer Test:
: —f{ 2" (i0Slot) 316L SS \ Km5.3010~4 om/s
. : L, = Continuous Wrap :
: 48 - =4 :
761 . Mbkw R B e \-Fil'terpack :
590— : 440 N 438§ 20/40 Silica Sand :
. : . _Moksw (580.3) i 45.0(end)
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o
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Q

$o
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+ 450

(588.1)

45.0° S

44.2-1t.
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45.0-ft.
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@“.?.5&%9&52&9235" ENGINEERS,INC.  PRESSURE TEST RESULTS (FIELD) ‘&/ /o 2
Project: oA er Zs y;# Job Number: Test ?7)( /4 ~ ¢/ J[Bore Hole:
A mazfaﬂwﬁ&& | 28 o35 |Zo¥7
tidentif BORE HOLE Test B
A; m n l°n Orientation: Size: ” N Y’4 &ﬂ)éf
&5 5“"7" Verdsoed 320 a0 /’/‘3 oo
Pack Grou : i G : {Gravi :
ers i%% rosng_‘w‘a%Depm Gauge HeghtAbovi round ra\vmy Head 35; /
G ) 3347 o 3& wla< s,
TEST 1 Inflow pressure (Hp) 49 psi x 2.31 = 3. feet
TIME, MIN. 0 | 1+ 1 2T3T a1 5 61 718 ] o | 10 ] aAErRAGEFLOW
Meter Readi ./ GPM
G:rllonsc::g 'W 7 ¢
Cu. Ft. - , CFM
Take Per Min. B 18.7190 17-2] I I CFM x 7.48-GPM
Total Head (HT)“"" - +  PressureHead (Hp) - Head Losses (H))
¢2.7 FH=[ 359 @ Fl+] 3d¢ F|-| aa. F
- A LA
Qem) o L) 2./ 20 K, CM/SEC
- : : - z . LoMn = = -
SO xL® O ST Tz | [ s |8
TEST 2 Inflow pressure (Hp) _éL psa X 231 = & feet
TIME, MiN. 0 9 | 10 | QAVERAGEFLOW
MeterHea:ring ;ﬁ{,d 8 ?Z/—? ?347 $447. 813723 /2.7 GPM
Cu.Ft . CFM
Take Per Min, 29 173 15..&[ /2.8]72-2122.5 [/2-5 | I ] I |
Hr | //6.& FT|=Hg 35 ol FLl+Hp| B2.9 FT|-H | ALA4A FT
Q {ﬂ ‘ K CMISEC;
K= x 011 In,—— = /o207 '
L = |, -<f
MexL T T x| ¢ | o4 7 X/0
TEST 3 Inflow pressure (Hp) -1+ 2 psi x 231 = Meet
TIME, MIN. . 0 1 2 3 4 5 6 7 8 9 | 10 | QAVERAGEFLOW
M eaaor k’mo Wzakwsgzwkzzsbsﬁs 573 4.8 e
Cu. Ft. CFM
Take Per Min. l/72/|/7/ /.9 ete Y. 7 1 /¢:-8 ] { | | ]
Hy /5o, ¢ FLl=Hg| 35,/ Fr|+Hp| //§.S FL|-H | pr.e- FT
Q L K, CM/SEC
= x .011In.—= /(,,8
o w0 |




MORF!ISON—KNUDSEN ENGINEERS INC.

7 A MORRISON KNUDSEN COMPA|

PRESSURE TEST RESULTS (FIELD)

<2

]

Sheet 2 /2

Proiect 2 oo pendnsafer Zorvie s~ Job Number: Test Section: /éiole
Nirfro arottatfee s
28 v 3zs o]
Test Equipment Identification BORE HOLE Test By:
Fow wteter /7 o i Size: 4"55414/’
4.5 . é¢«7¢, WM 3 4 Date Y, /j/ﬂ o
Packers Groundwater Depth: Gauge Height Above Ground: |Gravity Head: 2,2
*5629 ‘7 dbs
gigyLounis
e 32 ¢ R Fe nr| 2lr28- R
TEST1 pFetp Infiow pressure (Hp) <XZ___ psi x 231 = 4% feet
TIME, Muu, ' 0 1 2 3 s 5 6 7 8 9 10 | Q AVERAGE FLOW
Meter Reading Py | ? GPM
Gallons or o 578 287/ W ? 3
Cu. Ft. _ CFM
Take Per Min. [Z£17-#12.2 2.2 1221 2.2 | | | | CFM x 7.48-GPM
Total Head (Hy) =  Gravity Head (Hg) +  PressureHead (Hp) - Head Losses (H|)
835 Fl=| 35t F|+| 42 FT.| - N.A - FT
Qigpm) < o111 _ 5.3 K, CMISEC
®WxL@ @ - x | , 04 = -
HT® | @i.3 * ¢ 7Y /0
TEST 2 Inflow pressure (Hp) psi x 2.31 feet
TIME, MIN. 0 1 2 3 4 5 6 7 8 9 10 | Q AVERAGE FLOW
Meter Reading GPM
Gallons or
Cu. Ft. CFM
Take Per Min. | | | | | | I l I | |
Ht FT.| = Hg FT.| + Hp FT.| -H_ FT.
=—92 . ottm-t- K, CM/SEC
Hy x r " x =
TEST 3 Inflow pressure (Hp) psi x 2.31 feet
___ TIME, MIN. [} 1 2 3 4 5 6 7 8 9 10 | QAVERAGE FLOW
Meter Reading GPM
Gallons or 0 .
Cu. Ft. CFM
Take Per Min. | i L1 1 b 7 1T T T 17
Hr FT.| = Hg FT.| + Hp FT.| -H_ FT.
K= Q x .011 In.-L = K, CWSEC
HrxL r ” x =




MORRISON-KNUDSEN ENGINEERS, INC.
A MORRISON KNUDSEN COMPANY N

PRESSURE TEST RESULTS (FIELD)

-1
3

/\/"\(17{)]‘

Project 2> WA T AVEST Job Number: Test Sectior}; )~ —+{ \Bore Hole:

. w - ,“HJ@- 3x /071 Y
/M;é@ﬁ,mwé5 35 Y 209
Test Equxpment Identification BORE HOLE Test By: B
W certe Four Aeter - / Orientation: Size: . 4 'gc’zﬁ/
Pag:%tzs. - Grou::dwater Depth Gauge HeiqhtAboveGround Gravity Head: ‘/,c ,éu/o o 7

bl L, ‘
%rauﬂ %' r| 5 ¢ rR| 397 43.] rn
TEST1 pa¢§ g Inflow pressure (Hp) _é psi x 2.31 = $77: B eet
TIME, MIN. 0 1 2 3 | o 5 | o 7 8 9 10 | @ AVERAGE FLOW
Meter Reading &:33 cPm
Gallons or (8.3 o 28] \ﬁ?‘} Lﬁ'ﬁé A5 .3 .
Cu. Ft. . CFM
Take Per Min. 19.2 1,3 lo.< 0.3 18.3516.25 | | ] ] | CFM x 7.48 - GPM
Total Head (HT) = Gravity Head (Hg) +  Pressure Head (Hp) - Head Losses (Hp)
{669 42
e F|-| 33 m|| s8 o\ e m
i 2048 ‘
Q (gpm) L (ft) K, CM/SEC
- 011 In.—2L = &.33 =N

Hr () x L) ST 1o x |,0dn s | = [2x107°

TEST 2 Inflow pressure (Hp)ﬁ__ psi x 2.31 = ?_L__‘L feet
TIME, MIN. 0 1 2 | 3 4 5 6 7 8 9 10 | QAVERAGE FLOW

Moo [0 fBLTRAIB|712. A4 8|78 [P0 2570 (213 G

CU. Ft ) - CFM
Take Per Min. 1/27 I/.zf/ /2 él /.z.4| (2= | (2. lg— I | I |

0 Lo R
o= D -
Hr | |34 FT[=Hg ;3/2:_ FLl+Hp| 92,4 FL|-H | WH.A, FT
=—2 . onm-t- ' \'_1‘3 y _ K, CM/SEC‘_‘
x r ; " s D4R = _4;.7(/0"‘
TEST 3 Inflow pressure (HP)L psi x 2.31 =/, IS.S feet
TIME, MIN. 0 1 2 3 4 5 6 7. 8 9 10 | Q AVERAGE FLOW

Meter Readi GPM
" Gallonsor p76.8 | 778 8/¢or93?.z gs2.2\871.3|890. 9 3.0

Cu. Ft. ‘ CFM
Take Per Min. | Zol192479.20 49 T13) 18720 T 1] I ]

1 <4 : ;’/5 5 ’I
Hr | s FL=Ha| 393 FR|+Hp| )y5oS FLf-H | A A, FT
K= —2 Lx.011ln.+= 19 | otes |- K'CM'SEE\‘
s T * /0 Lo %10
53¢,




@MORRISON KNUDSEN CORPORATION

Well Development Record

Project:Ze W/. Z4 . S Date:/" // 3 ‘
a0 Client: | | . W.0. No.. 2840 1/ SSLAFP
Well Number: Co 47 - Location: A/eer Fros LonA_
Hole Diameter: & “ s Screened Interval: 3Z2/0 -¢feh O
Hole Depth: & LF Static Water Level: _~ 3£,/ ,
Well Diameter: 2.0 Water Column Height: __~ /8.0
Water Volume Well volume, V = _gallons
V = H(D)*x 0.041 o
V One well volume( allons) » 3. s¢£ Bailer dimensions = (inches/feet)
Helght of water co umn ( eet; 04
= Inside well Diameter (inches) = o & Bailer volume, V = gallons
Bailer or pump ¥’ Pump modelé.a'&.ééj; énr //"IP' /
TIME SPEC. COND. TEMP.”C- pH TURBIDITY | COMMENTS

L35 .75 s 2.1 240 &

Befs 0. 87 (3.C Bl  tffscale E-3 [ow fight~Ter.
7//4/&0 2830 _0.28 B 2l -3, Trd :dn£7

2835 2.-2% (7 25 775

084S o -Z.B /A 7_;% 1 Bets |-

L5585 Lol /8 7 1000+  E-3- : RVl RS

Hoo o .29 2.8 74 ﬁd’c@ £=3 - /ow /¢4f /

V2Ys 200 [T 2ot offsonSe E-3

lE2eo  __LoZ-  YH  Z4 o0+ .

2205 2. 27 Lo 2s o ffsnte £-3

gis Lot U-8(53%) 22 % E-3 ~7well ol rripsved
LUE .78 2:b 26 offrale £-3 :

e

T




~ _ HOLE NUWBER
WELDON SPRING SITE REMEDIAL ACTION PROJECT MW-2050
BOREHOLE AND WELL COMPLETION LOG B T —
: _ § 1043266.62
— WELL STATUS/COMMENTS _ TOCATION [EAST (X):
— ACTIVE NE OF DISPOSAL CELL, NEAR FROG POND - - 756323.47
DRILLING CONTRACTOR - DRILL RIG MAKE & MODEL TOC ELEVATION
LAYNE WESTERN Inc. . | CME-750 HSA/NXWL; I-R TH-80 AIR ROTARY ' 640.1
HOLE SIZE & METHOD ] ANGLE FROM HORIZONTAL & BEARING| s EOTTOM OF HOLE (T0) GROUND ELEVATION
9" HSA-22.5; NX—37.5; 6" AIR-44 Vertical ' E° 440 636.62
DRILL FLUIDS & ADDITIVES CASING 1YPE, DEPTH, SIZE : ‘Té BEDROCK  _ STICKUP
Water core; Air ream 2" 316 SS Mon. Weil- ) 235 3.49
DATE START ) -1 DATE FINISH ’ ES WATER LEVELS & DATES - HYDR CON[IJCTIVITI (cm/sec)
10-10-00 11-1-00, Mon. Well 2 ! 3.0x10™* (Packer Test)
> ) LITHOLOGY BY — o
O |x — =z
- |wZclzZ18] =18 ALAN BENFER Z WELL DIAGRAM | =]
- |Hx o [T QO wn -2 e
o (Ejluo|l > Olxa . | 2o
5o [Z(ZEIRS| 6| T (58 = l - Zo
B |EE2|58| « | 2 |8° DESCRIPTION AND REMARKS = | &+
< aa| =z x |p - =] . d
@ 107 P Mt e
SPT-1 8 Fill | - CLAY, medium to high piasticity, some fine gravel, :
¥ ? | some roots, reddish yellow, moist, soft, CL-CH. Fill. Egostisctw_e b
s g with
k3 Locking Cover.. N\ [ {635~
SPT-2 6 B | 2-ft. Diameter N :
? ? Clay as above, some olive gray. Fill. | Concrete Pad With § \ ~
? . u ) 4 Protective Posts § \
SPT-3 17 ?? R } § § ]
5 /AR CLAY, high plasticity, some FeOx, light gray \ \ ]
SPT-4 9 ‘L (2.5Y7/1), moist, soft, CH. Ferrelview Clay. \ \
’ / | CH as above, zone of high FeOx concentration. >|  Well Casing t\\\ . \ 630
Trace fine sand at 7.0". &| 2 316L Stainless % \ ]
5PT-5 1l - CLAY, high plasticity, ~10% fine white sand, light Steel \ \
' / gray (2.5Y7/1), moist, firm, CH. Lower Ferrelview § \ ]
o CaY. | \
]0 SPT-6 18 / CH L. CLAY, high plasticity, ~15% fine to coarse angular 4‘ \ \
YL white sand, slickensided, mottied brownish yellow \ \ J
P / - (10YR6/6) and light gray (I0YR7/1), moist, firm, CH. \ \
?: / Ciay Til. i Diameter———-———>\ \ 625—
#rI| | 20 [T TR g iy B e focoarsesand Borefole \ \ l
L. some fine gravel, some FeOx, mottied brownish \ \
yellow, and light gray, moist, hard, CH. 8 \ \ _
SPT-8 14 ™ CH as above with MnOx, abundant weathered e \ \
15 | limestone gravel. \\\ \ T
7.9 CH as above, some slickensides, MnOx and FeOx, High-Solids Bentonite—] \ e
SPT-9 9 W, - weathered limestone gravel up to *+. Clay Till Grout ("Grout-weil") \ \
, L CH as above with gravel. : § \ 620
$7 \ 1
SPT-10 62 z,a GC GRAVEL, weathered limestone, angular, up to 1", 3 § \ i
// /] L. white with high plasticity clay, yellow brown, moist, \ \
2)/ GC. Likely Residuum. Centralizer \ J
20 sPT-i 23 B A CH| " CLAY, high plasticity With ~40% anguiar weathered |« . \ ]
L limestone and chert gravel, clay is brownish yellow s \
(10YR6/6), moist, CH. Residuum. \ 615—
sz;-:z 5%+ I~ CH as above. ) §\
v %60" ~  CLAY, high plasticity, with chert and limestone | N N
SRETI\ fragments, brownish yellow (10YRS/6), moist, CH. - % § -
w]iMS[ \ Possible Resiowm. __ ____ _________ / N N
25 | "LIMESTONE AND CHERT, limestone is weathered, N N 1
L ~40% chert. Lost circulation at 23.5° permanently. % % _
T ] ~  Poor core recovery from 22.5' to 27.5". 6" Diameter % %
=] ; Borehole N N 610—
Tw ] - @ 25'-27.5". Predominantly chert, highly fractured, \ \
NX-2 0 [m] fracture surfaces are oxidized. Appears to be z \ \ -
: 50760~ -] ~ water-bearing. 2 % %
TLJ L ®27.5'-32.5". Limestone, moderately weathered, % % : ]
argillaceous, some solutioning, oxidized, mottled light N & -
30 — brown (5YR5/6) and whitish. ~40% chert, hard, 9 Y
light gray. ~18 fractures throughout run NX-2, all % é ,.
=] - are open with oxidized rough surfaces, most are Z %
] horizontal and likely represent bedding planes 24 A |605-
LT Tes] - spaced ~ 2-3" apart. Vuggy 8 32.3". _}, Segj : // %
L NK-3 ST 26 ] [~ LIMESTONE, strongly weathered, iocal solutioning, A 4 Y T
N 55/60 - argillaceous, grayish orange (IOYR7/4). ~30% 3 7 Y |
-,-T[ | chert, hard, pale orange (I0YRB/2), generally = Z Y
| scattered throughout the limestone. Contains 16+ S 4 Y 4
35 = fr 4
actures, -

00 sample Intervat [ No Sample Taken  Ymmnimum  ¥maximum  Yaverage
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ROLE NUMEER

WELDON SPRING SITE REMEDIAL ACTION PROJECT MW-2050
- BOREHOLE AND WELL COMPLETION LOG P il
' b= ‘ %NORTH(Y). 1043266.62
WELL STATUS/COMMENTS LOCATION j ) ETEAST x):
ACTIVE - NE OF DISPOSAL CELL, NEAR FROG POND - 756323.47
| % o 8 x = 3
o jwzglzZie | =2 |8 Z WELL DIAGRAM e
o lZjno|Wz| T e |Ea . =
we |ZIZ5|83] 5| X |30 = o
o” |5E2|lue| = | % |5° DESCRIPTION AND REMARKS o &
[a ¥y oy . . -
& 215w P o
h 100 © .
m | ICHRT j ¥ i
TS all surfaces are rough, eroded and open up to \4 .
o | 1-1/2" . <+ —-—Static water : : 5001
T 1 - @ 33.7'-34.5". Very vuggy, soft, easily scratched level ©36.2 ‘ ’ .
Tws ] with fingernail. . sl ;) -
- = . Centralizer B
'I'l I _\ @ 35.5'-37.5'. Predominantly chert. J X ; ]
n =T [~ Total cored depth, 37.5', t1-1-00. Hole reamed to z =
] 6" diameter to 44.0' and a 2" monitoring well was 2| Screen ¥ b -
40_ = [— constructed. 2| 2" (10 Slot) 316L SS =
T ] Continuous Wrap = 4
} CHl i =
. l-l = Filterpack o] = 595
» - . CONSTANT HEAD SINGLE PACKER TEST RESULTS 20/40 Silica Sand i .
7] . 1o 7 29.8 - 375 ft. K=310E-4 tp/sec ) = ]
- ' fm ] - R : Bottom Cap And -
Total Well Depth i
45_ — 44.0-1t.
- L 590
i i 585—
i N 560
. L 575
i N 570—
i i 565

00 sampie Interval (I No Sample Taken  Vminmum  ¥maximum  Yaverage




BOREHOLE DIAGRAM

Page 1 of 1

(@)
(@)

J u
MW-2050 2
[}
[m] p— gl
e | TOC: 840.11 .
Elev |Depth 9 i o IRt Hydrologic
MSL|BGS. < _ RQD Values Stratigraphic Unit et 05838 62 Testing
i 6o 80 60 40 20 ¢ 2 4 " Casing with ]
63 : : ? & Locking Cover. -
» : F g % 2~ft. Diameter .
B : : 3 \ Concrete Pad With |
5 &d ? § 4 Protective Posts _]
B : : / i
6301 af / § well Casing E
- ! / § g’;:elleL Stainless ]
i T ; ]
625 P‘ %"—Sﬁﬁg‘féte’ i
- o 5/ \ 1
N 15 5 %——High—smids Bentonite _:
620— 6 § Grout {“Grout-well) 1
- : 180 , \ .
:.. 20 g §\~ Centralizer -
R 8: per § 4
615 H ) i
- - AN i
i 1215 i
:- 25 * Diameter ]
610 Borehole E
- 4 Mok i
B i D . ]
30 z i 300(eg ]
6051 25 g eal .
K a5 é g/e?wtoEn?tve"%e:i%% : Packer Test: ]
-_35 26#':':; 35.0° % K=3.0xi0"% cm/s ]
- - (601.6) 1 -—-Static water ]
600—. M \—l:vel 838.2 i 37.5(end) 7
: 26; Mokse . (533%_ Centralizer : -
40 ! oS HIZH T\ I
595 / =E] 37 G0 'sio0 3L ss i
[~ e - —‘\:ontinuous Wrap 7]
[ z ‘ 438zt . ]
[ 45 444 L (53‘2‘21' - -\:353{8 aSCiI’i(ca Sand —_
590—: (592.6) ottom Cap And :
Total Weli Depth ]
L 44.0-1t.

—50 .
585 4
—55 .
580—_ 4

Yninimum  Ymaximum  Yaverage




Sheed’ / off S

MORRISON-KNUDSEN ENGINEERS, INC. PRESSURE TEST RESULTS (FIEI.D) g 2 } X /6 -e[
Project -, ﬂn// varer ZAVessf - |Job Number: Bore Hole: 7
7 ' o3 o
/l//#'aﬂ/'&m. 6/‘;7( 2?‘ 8 © 374 5
Test Equipment Identification BORE HOLE Test By: 5 20 }é =
A/&/ Fenc. fons Mefer °"°"'a"°; Y4 Wy L 7D
A.S. /?/c&ra,fe/ FreF e Vers 3 I Date/éﬁa /a/,?o/m
Packers Groundwater Depth: Gauge Height Above Ground: | Gravity Head: 53‘ ‘ 4
S 38.9 ; SHrek v L
~ 36 wn /5 rR|S.S+ 52’?’3‘ Fu
. el ¢
TEST 1 Inflow pressure (Hp) 2&____psi x 2.31 = ﬂfeet o
TIME, MIN. 0 1 2 3 4 5 8 7 8 9 10 | Q AVERAGE FLOW
B e om0 pu R\ A5 AT N ImA| A7 o
Cu. Ft. N _ / CFM
Take Per Min. A7/ 7 16 1/ Z17-7] | [ | [ I CFM x 7.48- GPM
Total l}ead (HY) = Gravity Head (Hg) + Pressure Head (Hp) - Head Losses (H)
, = |
21y Fml-| Iz m|+| qea F|-| x4 m
0,045
Q (gpm) L (ft) ' L7 K CM/SEC
K= s x 011N, —m—ie = 77
Hr (ft) x L(ft) r(ft) m X 77 x -0 7‘_3_5' - / X/O —4
TEST 2 . Inflow pressure (Hp) _zQ_ psi x 2. 31 = Mfeet
TIME, MIN. 0 1 2 3 4 8 7 8 | o 10 | QAVERAGE FLOW
Me::,:::f:g Lﬁ?o‘.a I95a0l/ ot Yeyz. 7 ox&'?a%dﬂiéf 5.8 o
Cu. Ft. CFM
Take Per Min. |5,44L5'$"|5‘g 1581015 ilé' 71 ] | ]
Jo&<] 39 /
Hr . FLl=Ha| 4477 FT|+Hp b3y FT|-H FT.
Q- L K, CM/SEC
K= . e— ’
Unstable F .
TEST 3 { \Qﬂow pressure (Hp) _.EL psi x 2.31 = £0:8 feet
TIME, MIN. Y4 6 8 9 | 10 | QAVERAGEFLOW
oo PopsaSli! or2. o8 Spas for el syt oz ysas| L€
Cu. Ft. B Ry, ' ' CFM
Take Per Min. V22 P2A g,ma.gl//.g M7V e | fle] - |
L LA 39
Hr | L2275 FLl=Hg| 4,7~ FT|+Hp| Z0.8 FT|-H FT.
- : Q L 1 K, CM/SEC
= x .011In.—— = /i
xL r 225 % 7,7 x| ,ofs |- QX/O"“/‘




MORRISON-KNUDSEN ENGINEERS, INC.

A MORAISON KNUOSEN COMPANY

PRESSURE TEST RESULTS (FIELD)

5/(&/ Z 0/2

ProOCt, — sl et ot e £ - |900 Number: Test Section: [Bore Hole: ‘
Wparomtics 527 27.8 w©3ps (WEPSZ
Test Equipment Identificati Test By:
A/;)/Z'JZ W) Adeider Orientation: o :Z:E - %’é‘iﬁﬁf
e //g_c.cm jao7¢, y”,éa/ j Yy | Date:’/j?a o /&, /y -
Groundwater Depth: Gauge Height Above Ground: | Gravity Head: 4 4 '
6.2 Ft. /S A T N —7 i

Inflow pressure (H )'_ai_ psi x 2.31 = Met
P

TEST1 /spo
TIME, MIN. 0 1 2 3 4 5 ) 7 8 9 10 | Q AVERAGE FLOW
VewrResdng Y2 8k 2y 5. Suce liia s an £ 2 o
or
Cu. Ft. . CFM
Take Per Min. PRTAWZEIVAIVA RVEAZ I I I [ cPmx74s-GPMm
Total Head (Hy) = Gravity Head (Hg) +  Pressure Head (Hp) - Head Losses (H|)
=2 5% / )
€ ad L |
BFG FU=| 4T F+| 44> FTf- FT
Q (gpm) L (ft) { 3 K, CM/SEC
— 011 In.—2—= '
- ] -— 5
Fr® x L@ "® — 5| T S I N
TEST 2 Inflow pressure (Hp) psi x 231 = feet
TIME, MIN. 0 1 | 2 3 4 5 6 7 8 9 10 | QAVERAGE FLOW
Meter He:;ding GPM
Gallons or v
Cu. Ft. CFM
Take Per Min. | I | | ] ] I | I I |
Ht FT.| = Hg FT.| + Hp FT.| -HL FT.
K= —3 _x 0111 - K, CMISEC
X r x X =
TEST 3 Inflow pressure (Hp) psi x 231 = feet
TIME, MIN. 0 1 2 3 4 5 6 7 8 9 10 | Q AVERAGE FLOW
Meter Reading GPM
Gallons or
Cu. Ft. CFM
Take Per Min. | | I I | | I | I |
Ht FT.| = Hg FT.| + Hp FT.{ -HL FT.
K= —3 _x o11in-t—o K, CM/SEC
L r % x =




///’574:7

@Monmson KNUDSEN CORPORATION

Well Development Record

Well Diameter: 2.0

ProjectGes. Date//r3
Client MA—P W.0. No.:
Well Number: Zo50 Locationzwég;t@L_
Hole Diameter: 4 B Screened Interval: SS90 ~ 4 O
Hole Depth: st £ Static Water Level: _~ 3§ ff

4 Water Column Height: ~9

Water Volume
= H(D)*x 0.041
V One well volume ( allons
= Height of water co umn (feet
D Inside well Diameter (inches

Well volume, V = gallons

Bailer dimensions = (inches/feet)

Bailer volume, V = gallons

Bailer or pump Pump model

TIME . SPEC. COND. TEMP. pH  TURBIDITY  COMMENTS Heerr, ‘5,‘/,,?
/oo /- /8 (3.0 ' ermfic g# Seple £-3 low [ight
250 loZ 247 " z82

Lo & L L0 /5.1 6{ Scatle E-2 /ow //¢lf
o8 _z_%& L2 Bo _ézszj

Vi 5 /.7 /e O B.0 J S E-2 . skt c/ea.a%
P22 £02 //. Z ya4 75/ /- .
o840 £.03 2.7 E-3 2o égéé
72S [ 12, /2. z _ZZ g;é.raé, E->

s L /2 /3./ p) £-3 - 70 plocdy
(030 [-03 /2.8 7 4 ot £-2 /
LLE . LIT 00 2§  poot -

43 L 09 /54 2 fé—f% é jE . Igé Ko rd :4;
4255 lo9 /.8 24 o Lfucate

A

E-3 loweilvol.redlore




HOLE NUMBER
WELDON SPRING SITE REMEDIAL ACTION PROJECT . MW-2052.
| BOREHOLE AND WELL COMPLETION LOG S T ———
: , 3 1043928.24
S WELL STATUS/COMMENTS LOCATION i EAST(X):
— ACTIVE : N. OF CELL, N: EDGE OF SITE 756051.16
DRILLING CONTRACTOR ’ DRILL RIG MAKE & MODEL TOC ELEVATION
LAYNE WESTERN Inc. CME-750 HSA/NQNWL; 1-R TH-60 AIR ROTARY 624.82
HOLE SIZE & METHOD ANGLE FROM HORIZONTAL & BEARING| 3§ BOTTOM OF HOLE ITD) GROUND ELEVATION
9" HSA-11.5; NG-40; 6" AIR-41 Vertical 4.0 . 822.29
DRILL FLUIDS € ADDITIVES CASING TYPE, DEPTH, SIZE . :E BEDROCK STICKUP
Water core; Air ream : 2" 316 SS Mon. Well = 1.5 2.53
DATE START ~ | DATE FINISH §§ WATER LEVELS & DATES HYDR connu::nvng {cm/sec)
12-7-01 12-14-01, Mon. Well % 2.3x107° (Packer Test)
= O, LITHOLOGY BY = >
- w2283 18 ALAN BENFER z WELL DIAGRAM =
= 1520 o & | O o ] -
To & wo w > = e E @ ! 20
w® ZZ5|€8| 5| X |G 5 | > 2
o SIEZ|w o] » %5 © DESCRIPTION AND REMARKS = w
< || z | & |p : = I o
wn [) 0
100)
Protective 7
- o . Casing with _
. Locking Cover. \
. = Soil not sampled or logged from the surface to - 2-1t. Diameter —
- WS-ft o Concrete Pad With \ 620
7 : i . 4 Protective Posts \ ]
5 5 : N\
o \ ]
. - 8| well Casing \ i
o| 2" 316L Stainiess \
7 i S| Stee \ 615
_ - 5 \
. . Auger refusal at 11.5~ft. Continued with NG core. 9" Diameter——————»f §
Fﬁ“‘_» T — e e e e Borehole N T
R SPT-1 . 22 m] TiMs| NQ-1, 11.5'= 17.0". Loss zones unknown, ~7 loss %
LT NG-1 [43/66 | = JICHRT zones including the bottom of the core. 14 § 610
l i l L. fractures, several zones of bit drop. § ]
| | ©12.5". Lost circulation permanently. §
- -
.Iq I LIMESTONE, moderately weathered, argillaceous, %
15 Tm] — fine-grained, some vugs, mostly light gray, a few \ 4
™ . styolites, trace oxidized pyrite, most fractures are L ) . \
Tw] ~  oxidized but probably not water-bearing, ~30% High-Solids Bentonit § i
-] interbedded chert, light gray. Weathered 5| Brout (“Grout-well") § .
N@-2 62 Twm] [~ Burlington-Keokuk Limestone. = § 605—
68IT2 =] R , \ z N
Ta] @ 17.0'~ 19.4". LIMESTONE AND CHERT as above, 2 J
= ] limestone is light gray to orange brown, moderately //’
Tw [~ hard, ~30% chert. % .
20 = —  @19.4'- 23.0°. LIMESTONE, moderately to strongly Z
weathered, mostly orange brown, some light gray, / T
~  argillaceous, vuagy, thinly bedded, moderately hard Seal % N
-] to soft; ~35% chert, generally thinly interbedded 3/8" Enviroplug %
T - with the limestone, mostly light gray with thin | | Bentonite Chips Z 500
] streaks of MnOx. One to 4 fractures per foot, %
NG-3 0 [Tw] = rough, open, oxidized, some broken, horizontal. At -rl % i
/72" 3 ~23-1t., Strongly Weathered Burlington-Keokuk —-—Static water level Z
T=] - Limestone. @23.4 . ¥4 -
25 Ti T — NG-3, 23.0'- 28.0". Loss zones unkhown, certainly & A i
=T the fast cutting zone from 25.8'- 29.0'. Recovered 6" Diameter————— >
Te] - 5 pieces of chert plus some rubble, iongest piece - Borehole ! ' * ]
| 2-1/2", light gray to yellow brown (FeOx stain), with - s s
Tw] - thin streaks of MnOx, fossiliferous. A 5954
- =] 1 | void at ~27 to ~28". 1 FE
- = J -
o | . 2]
NG-4 5] 8 [Tm] [T NG-4, 29.0'- 35.0". Loss zones unknown, possibly s E L 4 .
30 34/72" = | | the top. : Z! Centralizer————————>}@ b
T LIMESTONE AND CHERT, ~50/50%, thinly = T
4 - interbedded, "poker chip“-like fracturing along the = .
=] bedding, limestone is strongly weathered, orange -
= Tw ] I~ brown, argillaceous, very vuggy and severely p— 590
L ] | eroded: light gray chert. =
T Lo | Screen ~ 7
Chl '~ ! -—
. Tw ] - 2" {10 Siot) 316L SS = N
=1 Continuous Wrap —_
350 s kg | a6 | i
36/60" :

00 sample Interval [ No Sample Taken ~ Yminimum ~ ¥maximum  Yaverage




HOLE NUMBER
WELDON SPRING SITE REMEDIAL ACTION PROJECT MW-2052
BOREHOLE AND WELL COMPLETION LOG & A —
| i ‘ . . g 1043928.24
% WELL STATUS/COMMENTS 'LOCATION EAST (X) :
— ACTIVE ; N. OF CELL, N. EDGE OF SITE 756051.16
=z (] . — >
x —
: |ul2sls2] 8218 Z WELL DIAGRAM S
P Tl (0] i O ) O wn > = -
oo alw o S > ‘_ = | e . < O
w? |EFEIE8{ 5| = |58 H =3
oy 132 T DESCRIPTION AND REMARKS i
0= * | < |o o pr
< |eCi Z | £ | = w
@ ool | @ : s
=] ILMS @ 35.0'- 35.5". Coarsely crystaliine limestone, Filterpack E
36/60” | » JICHRTL.  slightly weathered, hard, light gray with minor fterpack—
| ! oxidation. 4+ fracures per foot, broken. Flitersil Skica Sand b
-
= | @ 35.5'- 38.0". Limestone, strongly weathered, z 585—
- argillacous, locally thinly bedded, focalized vugs up Al Centralizer ———>14
[~ to 1/2", weak and somewhat soft, yellow brown, = .
- | interbedded with ~40% chert, light and dark gray,
T some fossils. One fracture per foot, broken but E
- ti_ght. Strongly Weathered Burlington-Keokuk Bottom Cap And
40 N Limestone. Total Well Depth RN 1
- F Total cored depth 40.0°, 12-11—-01. Hole reamed to 40.0-1t. i
. 6" diameter to 41.0' and a 2" monitoring well'was )
~ - constructed. " Hole To l 580
11 . L 41.0-1t.
1| ' ' -+ CONSTANT HEAD SINGLE PACKER TEST RESULTS : -
45_ 13.0 - 23.0-ft. K = 2.3E-3 cm/sec
. _ 24.0 - 35.0-ft. K = 1.4E~-3 cm/sec . e
i R 35.0 - 40.0-ft. K = 4.8E-5 cm/sec
-
7 B 575—
. - L 570—

15— | -

0 sample Interval  [J No Sampte Taken ~ Vminimum  ¥maximum  Yaverage




BOREHOLE DIAGRAM

s s

Page 1 of |
' X
MW-2052 &
3
(= £
g —
1 TOC: 624.82° :
Elev |[Depth i o I 1 Hydrologic
MSL [BGS <___RQD Values Stratigraphic Unit .6 ' Testing
== B N S e 6 h rotective .
L 10 80 60 40 20 O 7 Casing with
ot : : Locking Cover. .
620_.. : \\t 2-1t. Diameter .
: \ Concrete Pad With _
B 5 : \ 4 Protective Posts _
_ pPr/GCt/Gfc undiff, \\\\\ el Casing i
5— : \ 2" 316L Stainless .
o1} ’“-' § Steel ]
B 10 . 1 \*—9 Diameter B
| : s Borehole N
610— : : B
i " 13.0(beg) i
- S igh-Solids Bentonite -
R : Grout ("Grout-Well") : -
605 43; Mbkw i Packer Test: ]
i : i K=23xi073em/s |
B eal : T
B : ¢ 3/8” Enviroplug : 4
600 N 230 Bentonite Chips . 230 (end) i
- 242" ctan — -
B 25 (598.1) S @Za'igatlc.water level 24.0 (beg) _
R o - "'_\ : A
L i : * Diameter b
595-—_ Borehole : b
= 300 : wai i packer Tgst: .
- : Ko Centralizer D Kl ~ -
L 30 : (582.3) |- : K=1.4x1073 cm/s i
17 Mbksw |
590 : ]
B : Screen : i
i 2" (10 Slot) 316L S8 i 350 (end) N
- 35 N s Continuous Wrap 35.0 (beg) i
- SOOOE iiterpack :  Packer Test: 1
585—~_ 48 BRI A= \-zilterSil Silica Sand K=4.8x105om/s -
B HA SUCUEREE n 308t =l entralizer i 40.0 (end) _
—40 ; 400 % s2s) [T N : _
B : : / A ottom Cag Ar:g :
— : : - X Total Well Dep : h
580 y, (581.3) Total We 3 i
. : : / : -
- 45 : : ’ " Hole To i ]
: : 41.0-ft. : |
575~ ]
570 ]
565~ ._.
Unininum ~ Ymaximum  Yaverage




W7

@oamsonsaupsen enainezrs, w.  PRESSURE TEST RESULTS (FIELD) K =2y nt

Project vy Job Number: TestSecton: , _, _ , g |BoreHok:
Tfreg ford NITO | R, Task U] an %
Lelrmeo | 0 ©23.0 52,
Tost Equi Identificatio , Tost By: ,
SRS weter [ A B
4 S Gavge- verd | 2 bate: 1302 )2 fofol |
Pagnke(;:sm . Groundwater Depth: Gauge Height Above Ground: | Gravity Head:
9 S ”L .
. /7. ’ 4
@m@ L 4 __— 3.0 | 2+ 30 rzi0,
TEST1 Inflow pressure (Hp) S psix 231 = 4SSt |
TINE, MIN. 0 T ] 2 3 4 5 ) 7 8 9 | 10
. * X
Meter Reading 0 .U .‘* _ ‘k - 6
Gallo 4 1l | 2 Y ~
Cuf 0 p,of ‘)”o % p,* -_" ' ‘ CFM
Take Per Min. Wl V.8 Jiz.oJ22.0112.) 1191 T | ] | CFM x 7.48— GPM
Total Head _(HT) = Gra{rity Head (Hg) + PressureHead(Hp) - Head Losses (H)
2. F|= ZJ).e  FT|+ /.55 FL|-| po FT.
Q@em __ . 5111 L@y /2.0 K, CM/SEC.
011 1n. - _ .3
Hr (ft) ><~L(ft) r(ft) 22.24 X /0.0 x L 8X 10
TEST 2 - inflow pressure (Hp);lé__ psi x 2.31 = _Z_3;Lfeebt' A%/o >
TIME, MIN. 0 1 ] 2 3 4 | § 8 7 8 9 10 | Q AVERAGE FLOW
Meter Reading ol . ‘)‘P % % 6\‘\ /9o &M
Gallons or (7 3 L2 . 2y
Cur .)9 W ‘AJ\ b ?? & crm| %
Take Per Min. 2178.21 /8, 31 18.0 | /1 122, ;]20-—1
Hr Afg’/ FI.| =Hg Z]d FT.| + Hp O FT.
-9 sonmt- s490 _ [ oMeEe 2
" " |omr * T I et
TEST3 | Inflow pressure ka) 5 p;si x 2.31 =‘£’£éfeet_ KAX10"D
TIME, MIN. 0 1 2 3 4 | s 6 7 8 9: | 10 | QAVERAGEFLOW
Meter Readi 5 Yy . X .q 2. g GPM|
. eG:Ilons orng "0 \9. v\v ,‘Gﬁ W@ lx ‘ 9 . fg' ‘ -f'::;%i‘
Cu.Ft. [\ I T oA CFM
Take Per Min. [Ze.5128. 3l 280 ]4/!}5 8l | ] | |
Hr | 55.7 Fil=Hg| Zro Fi|l+Hp| 7 Fip=n o F
-9 L 4 0482 K, CWSEC _
K HTxLx.Oﬁ.‘In. |- &{C" y I 3
a7~ wo

2¥/0- >




@MORHISON—KNUDSEN ENGINEERS, INC.
ISON KNUDSEN COMPARY .

PRESSURE TEST RESULTS (FIELD)

. Job Number: Test Section Bore Hole:
ﬁ»f/?maé Mifro 274, Tasb / | MW
Detinenifr 57 /3:0 © 230|258
Test Equlpn:}nﬁig ﬁ}aw Al e BOREJ;.;:E v Test By: /4’ g =7 #/,
/{,.S« éﬁb‘-fc-/ V&f% - 3-0” |Date: /&/10/9/
Packers Groundwater Depth: .. |Gauge Height Above Ground: | Gravity Head:
bnSat= 20 )8 +3
FL ft. Ft.
TEST 1 Inflow pressure (Hp)_L psx x 231 = //’;ﬁeet B
TIME, MIN. ] 1 2 3 4 5 6 7 8 9 10 | Q AVERAGE FLOW
Meter Reading 0| Y| Y] o Y "‘ k| X Z0.2, GPM
Gallons or o ‘J 'thl A oL \ 4)"/' b
Cu.Ft g Ib W 9 A M Q’) CFM
Take Per Min. (202 Zo.4 20.4]22.3 |20.7 ] Bo0[20-2 I I ] CFM x 7.48-GPM
Total Head (Hy) = Gravity Head (Hg) +  Pressure Head (Hp) - Head Losses (H})
2z.6 FT| = 2.1.0 FT.| + /22 FT.| - O FT.
Qgpm) 011 In.—= (0 Zo.2 o€ K, CM/SEC
129 . . . - -3
(f) x L(f) r(ft) x ~ =. v
i Bz.ce * 10.0 3o
TEST 2 Inflow pressure (Hp) psi x 231 = feet X 2.3k
TIME, MIN. 0 1 2 3 4 5 6 7 8 9 Q AVERAGE FLOW
Meter Reading GPM
- Gallons or -
Cu. Ft. . CFM
Take Per Min. | 1 | 1 1 I I [l I | ]
H FT.| = Hg FT.| + Hp| FT.| -H FT.
K= Q x .0111in. L = K. CMISEC
x L r x =
X
TEST 3 Inflow pressure (Hp) psi x 231 = feet
TIME, MIN. o 1 2 3 4 5 6 7 8 9 10| QAVERAGE FLOW
‘|Meter Reading GPM
Gallons or
Cu. Ft. v _ CFM
Take Per Min. L1 1 1 1 ¥ T T T T ]
HT FT.| = Hg FT.] + Hp FT.p =H_ FT.
K= —2—x .011ln.—£r'—-=‘ y _ K, CW/SEC
v - -




. @momsomwosenenamems. e PRESSURE TEST RESULTS (FIELD) ”/7’9%{ 7 6f° 2
Project A/ ; Job Number: Test Sectio: K’ /X/O'J Tﬂw
Qed i eatern 74 24
Test Equipment identification : BORE HOLE Test By:

‘ ,5&4  Sce & fLovL /I&é/‘ Orientation: Size: 4 g%‘
A.5- lLacge vers [ Fe 2ffof
Packers Groundwater Depth: Gauge Height Above Ground: |Gravity Head: .

ng ! -2/ .
s, 235 .| 3o . Z4%5
TEST 1 Inflow pressure (Hp) _/© psi x 2.31 = 23! feet

TIME, MiN, o | 1 2 | 3 4 | s 6 7 8 | 9 | 10 | QAVERAGEFLOW
Meter Reading ul 4 1 v Joo/ GPM
Gallons or ' 9’0 b3 ,"0' ')‘4'4 "5’ ,\‘\"‘ “g' V"

Cu.Ft IOO I A 0 I CFM
Take Per Min. _ Il le.3/6.017-2 Y60 |/5-9115-7] | [ ]  CPMx748-GPM
Total Head (Hy) = Gravity Head (Hg) +  PressureHead (Hp) - Head Losses (Hy)
49 -4 Fl={ 2¢.5 Fml+| =z3.¢ t-:l- o  F

. . ] 4
: ' tin — |'= | L =
Hy (ft) x L(f) r (ft) AR x |0/ 25| W
TEST2 . Inflowpressure (Hp) /S psi x 231 = 3% T feet (%707 > -
TIME, MIN. 0 | 1 2 | 3 | a | s | 61 7] 8 | 9 | 10 ] aweraGEFLOW | *
Meter Reading : Al %1 ol L9 *9 \ ‘ /8.7 oM
Gallons o[l oAl Y ' '
Cu. Ft. i \"l\ \'X N\ 4,0 fllql 1;\ ' | CFM
Take Per Min, [72.71/8.¢1/5. 7178.8178. 7178.&] | | |

Hr | .2 Fil=Hg| 26¢.£ FT|+Hp 347 FL|-H o FT.

! Q L | 273 K, CMISEC
| K= x 011 In.——= (8.7 1@ 4
HT x L r X = A o
| L/. z * Mo W
TEST3 Inflow pressure (Hp) 25 psi x 2.31 = £7 8 feet /X073
TIME, MIN. 0 1 2 3 ~4 5 . 6 7 8 9 10 Q AVERAGE FLOW
Metér Reading 0] 4 Al v v A 9 Z‘ 3.8 oM
" Gallons or IR U e -
Cu. Ft ° 11/’l 'bo H’/ rl;'k '\lb '}o\ ﬂﬁ Ay CFM
[RioPorMin Bj—f Iz#z_,j_zz g123. S’I Z4. IM I |

HT'5¢/'3 FT.| = Hg Zé';FT.i-Hp §7.8 {-r.-HL o",_‘Fr.

K, CM/SEC L

Q : L oz '
x .011In.— = z23.8 : 23
L 2OFT7 =
| "Btz x wo | ~ M

K=

Ix7®




P .

@ mormisonxnupsen enaineERs, NC.  PRESSURE TEST RESULTS (FIELD)

‘5/5;/-\2»9/&

P%e;t' % fp /‘// ;L‘fZ JobNun:cr Al/ Test Section: Bo/r/ej:o}e
Yrica 20 HOT/ 1AL N 2 ® 25 lopso,
Test &uaml !d;nnﬁ;tl}nlw Me 7[:_/_ = — BOREJ;ZGLE - Test By: 4‘ g 2 %&/
V%’L' 510  |Date: /&////0/
Groundwater Depth: Gauge Height Above Ground: |Gravity Head: i
23:' FL F.0 | Zle S Ft

TEST 1 - Inflow pressure (Hp) & __psix 231 = Z;_’:__/.. feet
" TIME, MIN. [ 1 2 3 4 : 7 8 9 10 | QAVERAGE FLOW
Meter Reading 0 o 4| Al 3 4{, \.4} *9 /B.C cPm
Gallons or ' U d 5 A
Cu.Ft. Ky Jp G’o AN 4 A 99 é“ " CFM
Take Per Min. vz Bli3.5 13,4 ]_436] 2.711  1/2-21/2 x4l | CFM x 7.48-GPM
Total Head (HT) = Gravity Head (Hg) + PressureHead (Hp) - Head Losses (H))
#9.¢ FT.| = 2L-S FLi+ | 234 FI| - /8. FT.
Q@em __ . oyqnt® |  B.C et §3 K, CMISEC _}-
Hy () x L{®) r(f) X x| = | Z 70
TEST 2 Infiow pressure (Hp) —______ psi x 2.31 = et X =/ ¥Xlo
TIME, MIN. o | 1 2 3 4 5 6 7 | 8 9 | 10 | QAVERAGEFLOW
Meter Reading GPM
Gallons or i
Cu. Ft. ' _ : ‘ CFM
ke Por Min_ [ T T T T T T T T T 7 |
Ht FT.|=Hg FT.| + Hp FT.| =HL ~ FT.
K= —2 _x ottih—=—= K, CMISEC
Hr x L r " x =
TEST3 Inflow pressure (Hp) —___psi x 2.31 = feet
TIME, MIN. 0 1 2 3 4 | s 6 7 8 9 10| 2 AVERAGE FLOW_
Meter Reading GPM
Gallons or ] )
Cu.Ft. CFM
Take Per Min. | I I I [ 1 | l ]
Ht FT.| = Hg FT.| + Hp E‘;@Hf:HL ’ FT.
-9 _xotm-t- K. CMISEC
Hr x L r < x = | |




ST

@nommsonsoupsn wanemms. ne.  PRESSURE TEST RESULTS (FIELD) . 4/ "’, / ”/ C _
Proj ‘ : Job Number: jog: < Bore Hole:
WM AT L97R Task I — SXI0° N w
[y nensfzor? ~ 2y =
Test Equipment Ide » e s BORE HOLE Test By: ,
5;;:“; «/wnﬁ '%/09*/ Orientation: Size: o A' ﬁf\
| Ver £ | 2.0 Date: \2ibp P[P 0/(0/
Groundwater Depth: Gauge Height Above Ground: | Gravity Head:
/ r ;
Z.g' S L j‘& Ft. Zie:S Ft
TEST1 inflow pressure (Hp) _/ S psi x 2.31 = 37 teet
TIME, MIN. 0 1 2 3 4 5 v 6 7 | 8 9 10 | Q AVERAGEFLOW |
Meter Readi YR - ) 2&”  GPM
G;Ilons olrng | a-jl & '\, ,ﬁo“ ‘x? (9.\_'\ 4.*0 461 .vg Q.35
Cu.Ft. p° 16 p g JD 0 0" CFM
Take Per Min. [o /éw@miﬂ&z% I [ I [ cmx748-GPM
Total Head (Hy) =  GravityHead(Hg) + PreésureHead(Hp) -  Head Losses (H)
A% Frf=| 2¢,8 Fi|+| 347  FT|- © FT.
Q( ft) r K, CMISEC
@Pm)__ o 011 in.—M_ - 0. .35 $0 g : -
Hr@ xL@ @ - - x |eotle ==l = /
T() x L(fY) r(ft) 6.2 S0 I&f %4 ]
TEST 2 Inflow pressure (Hp) _&_ psi x 2.31 = ﬂé feet S\A ,O-'?
TIME, MIN. 0 1 4 2 3 4 5 [ 7 8 9 10 | Q AVERAGE FLOW
Meter Reading al A A & Al a 2.8 GPM
d b \
Gallons or 4'4}') | 4° ?)'\ b | 0\'\’ O'\ c
cu.Fr " o l0 Y ™
Take Per Min. _ .saP, iz] . SZ)Q | [ ) |
Hr | £Y-5 Fl.|=Hg| 26&-§ FL|+Hp| £7.8 FT|-H o FT.
Q L K, CM/SEC
= X .011|n.—= 0¢9 o&,‘”& i
x L r X = [
T g4.3 * S0 %i
qu ST\
TEST3 Inflow pressure (Hp) _3_& psi x 2.31 = 5_/_'_7. feet
TIME, MIN. 0 1 2 3 4 5 s 7 8 9 10 | Q AVERAGE FLOW
Meter Reading 0 \N| @ 4 b 3| /. GPM
Wl NP | W] 0. 70
g:l:::s or \\. \q, 4’ ‘,‘b \‘)‘c w \Q- ’ CFM
Take Per Min. T0.71]2.692:7310.%1 Wrﬂ&éﬂl [ 11 1
Hr | fo7.4 FL|=Hg| 26S FL|+Hp| Ba? FLI=H o FT.
cmtoemnt _pz | [owe | [
/074 * &0 | ‘ <

SN /0°5
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@HOERISON-KNUDSEN ENGINEERS, INC.
MOARISON XNUDSEN C!

HERLP ATGt: S e . P L -

PRESSURE TEST RESULTS (FIELD)
JobNumber
By oo Netr? Y,
777 u-.:Lt/ ,
Dejuwtentferrs 874, 35 © R |\ opge
Test Equipment Identification BOREHOLE Test By: 74.,—
Seenties Flow Aleter oo Size:3 0" /4 ‘g‘” (A
;{‘.__(‘ = 4,&7& ’V&/?L’ - Date: /Z/Il /0/
Pagkers . Groundwater Depth: Gauge Height Above Ground: | Gravity Head:
: - ole. S
raulicf z2 .5 Ft. Lo Ft. Ft.
TEST1 Inflow pressure (Hp) _Z=_.__ /§ psl x 231 = 3¢ 7feet
TIME, u}n. o | 1 2 3 4 5 6 7 8 9 10 | Q AVERAGE FLOW
Meter Readi ‘ | .2¢ft GPM
etr Roading Pl o] | P E| S| D o-3%¢
Cu. Ft. R T U MO ~ \9 ' CFM
Take Per Min. PEED 36 lg.'&!la 3¢To sslg,ztﬂ i | | 1 CFM x 7.48-GPM
Total Head (HT) -= Gravity Head (Hg) +  Pressure Head (Hp) - Head Losses (Hy)
&/rZ&  FL|= Z6-8 FU+| 247  FT| - o FT.
Q (gpm) L@ _ K, CM/SEC _
M@ xL® e 2.34 x [c0%0C |\ e
Llz =~ g0 | . (=S
TEST 2 : Inflow pressure (Hp) . psi x 231 = _" feet R—z 1,4 g k /O
__TIME, MIN. 0 1 2 3 4 | s 6 7 8 9 10 | Q AVERAGE FLOW
Meter Reading GPM
Gallons or
Cu.Ft. . CFM
Take Per Min. 1 | | | | | | I | |
Hr | FT.| = Hg FT.| + Hp FT.| -HL FT.
= —9 o011t - . K, CM/SEC
Hr x L r < x =
TEST3 Inflow pressure (Hp) psi x 231 = feet
TIME, MIN. 0 1 2 3 4 5 | s 7 8 9 10 | Q AVERAGE FLOW
Meter Reading GPM
Gallons or
Cu. Ft. _ CFM
Take Per Min. | | | | | | | | | [ 1
Hr FT.| = Hg FT.| + Hp FT.I=HL FT.
=—92 otin-t- ) K, CM/ISEC
Ht x r v X =




WELDON SPRING SITE REMEDIAL ACTION PROJECT

MONITORING WELL DEVELOPMENT FORM
ES&H 4.4.8.2, Rev. 0, 5/95

PROJECT NAMM ond /1//#0 A&/Mcnéan WORK PACKAGE N0¥8 274, 72k (I

DEVELOPED BYA—a;y/gg vwﬁﬁ,_éég_ﬁmé/ A

1.

2.

10.
11.
12. -
13.
14.

15.

16.

SHEET 1 OF 2

”ﬂ - 072&”/ IVO .
Well Number.: #ZW - So$2 Well Location: e

Date of Installation: /& — //~0 /

Date of Development: £~/ Z2=9 [

2859 70C
Static Water Level: Before Development ft.; At least 24 hrs. after, ft.
Organic Vapor: Before development d‘ ppm; After development_A/af ppm.
~ 34fo0 '

Quantity of water loss during drilling, if used:____ gal.

Quantity of standing water in well and annulus before development: "~ Z Z’/ gal.

Depth from top of well casing to bottom of well: 42. S ft. (from Well Installation Diagram)

" Well diameter: &2 in.

Screen length:_/2 O ft.
Minimum quantity of water to be removed 2 3 gal.
Depth to top of sediment: Before development &~ A/ 4 ft.; After development A/g____ft.

Physical character of water (before/after development):_£ Cfoud 7 / enr

77 ..:aémr
Type and size of well development eqmpment / é '4ﬂ“‘4{, ﬁf Z‘J’ -~
Description of surge technique: é{ ol Wiedd SCLE/) ol 71/”55 //1/74'4// y

Height of well casing above ground surface: A 2& _ft. (from Well Installation Diagram).
Quantity of water removed: c@ gal. Time for removal: / /’/f hr./min.

Craod %‘/Awrer" .




WELDON SPRING SITE REMEDIAL ACTION PROJECT <

MONITORIN'G’WELL DEVELOPMENT FORM

PROTECT NAMEE?_«?;M AN Jro Deds /mu/wﬂvom PACKAGE NO. 4874,

ES&H 4.4.8.2, Rev.0, 5/95

Zodk U

DEVELOPED BYMMM A/ e
Well Number: - 208 G Well Locations: A2rifK e_,/ Celf

SHEET 2 OF 2

(2407/04
Date/ Hrs. Dev./ Gals. Purged/ pH | Temp. | Cond. Remarks
Time | Cum. Hrs. Dev. | Cum. Gals. Purged Teer M’/\/
0843 20 olpzs1289| 20 *
0 84S S 4 6*2 ¢ 72| 27/
8547 30 278 | 220
“zé_ 25 v 3./ |22 228
085H| /0 .s* .3 8.83| 30t
45" L‘:-S /23 ‘?ﬁ 3/
50 Q 93 |gele/
737 s& g faf-?.?wz'/éa
7443 Yo b ! |2 # 295 112
bro i} ¢s . 42927787/
0959 .7k ] |28 | 2,83\ 43.2
/005 Lze 6.1 /2.9 297 /6 /
vos3 x '80 o W 128|300 7. <t/




AOCE NUMEBER

WELDON SPRING SITE REMEDIAL ACTION PROJECT MW-2053
BOREHOLE AND WELL COMPLETION LOG &
g 1043421.87
WELL STA iU§7§0MMENTS LOCATION EAST(X): :
ACTIVE NE CORNER OF DISPOSAL CELL 75591913
DRILLING CONTRACTOR DRILL RIG MAKE & MODEL TOC ELEVATION
LAYNE WESTERN Inc. CME-750 HSA/NXWL; I-R TH-60 AIR ROTARY 643.19
HOLE SIZE & METHOD ANGLE FROM HORIZONTAL & BEARING| % s §0TTOﬂ OF HOLE (TD) GROUND ELEVATION j
9" HSA-27; NQ-55; 6" AIR-56 Vertical 840.77
ORILL FLUIﬁS & ADDITIVES CASING TYPE, DEPTH, SIZE ,_--a _EELIHULK STICKUP
Water core; Air ream 2" 316 SS Mon. Well k 26.5 242
DATE START DATE FINISH £ 2 “WATER LEVELS € DATES AVOR comut:nvny1 {cm/sec)
11-30-01 12-7-01, Mon. Well BE 2 ! 3.8x107™* (Packer Test)
- 15 LITHOLOGY BY . — >
+ |wl2slsz2l81S 8 ALAN BENFER Z WELL DIAGRAM S
= |~ 0 ] (] o O O v > — f— —
oL |alwo > = |« . . < ©
Lo |ZEZEIQS| 5] T (IS5R - | . Seo
o |GEZ|luel = | % |5° DESCRIPTION AND REMARKS < I @
< a. ac =z o N = I w
72} o [22]
D100 .
Protective
- B Casing with 1 - 640
‘ Locking Cover. Il J
T [ - The soil overburden was not sampled or logged from 2-ft. Diameter N
the surface to 20.0-ft. Concrete Pad With % .
7 4 Protective Posts \
- = § 635—
- well Casin & T
- . J N
£| 27316l Stainiess % i
- - b Steel \
10 = : \§ ]
i i g § 630—
(4]
] \ |
15— - 9" Diameter———*§ 7
Borehole \ 625
- R §
20_ SPT-1 18 CLAY, high plasticity, minor angular chert gravel, '}f‘ § i
| some decomposed limestone, mottled reddish brown \ 620—
and black, moist, hard. CH. Residuum. \
L High-Solids Bentoni;e—% T
Grout ("Grout-Wwell” i
SPT-2 1 - £ \
| CH as above. § .
25 SPT-3 61+ ¥4 [ CH as above. Residuum. § 55
I~ Auger refusal at 26.5-ft., continue with NQ core. \
m | ICHRT! —_—— T . -
Na-1 % 48 .T_'l' I'tms Lost circulation at 27.5-ft. permanently.
Tw I~ CHERT, hard, some nodular, some disseminated,
| localized wavy bedding, thin streaks of MnOx, light: 6" Diameter -
gray to light brown. LIMESTONE, ~40% moderately Borehole
30 | weathered, argillaceous, minor scattered oxidized -
|= pyrite, gray to yellow brown. Zero to 4+ fractures z
- | |- per foot, all rough, open and oxidized; some rubble. o 610
] T Weathered Burlington-Keokuk Limestone. z
- - @ 29.3'- 29.6". Chert breccia, light gray to orange ]
jon | | brown, FeOx stain, generally interbedded with -
NG-2 75 [Tw limestone, vuggy at 29.0°, 30.3' to 30.5' and 31.8".
B Tw] - 0.8' of NG-1 core picked up in NG-2, mostly chert h
35 = | with minor strongly weathered and vuggy limestone. Y| )

00 sample Interval

[J No Sample Taken

Ynminmum  ¥maximum ~ Yaverage




HOLE NUMBER

WELDON SPRING SITE REMEDIAL ACTION PROJECT MW-2053 |

BOREHOLE AND WELL COMPLETION LOG & e —————
= _ ' & 1043421.87
2 WELL STATUS/COMMENTS L.OCATION AST (X) @
= ACTIVE : NE CORNER OF DISPOSAL CELL 755919.13
z o —
o |x —_ z
+ |wl@slszl8 3|0 z WELL DIAGRAM S
- [DI<o|Z0| & O w > —
=3 lE|lgoiw > -1 O |ldw . =9
Ho |Z2E|Q3 5| T |58 e fao
" |JEZ|wel = | % |5° DESCRIPTION AND REMARKS . s e
oo Q |
= Z |l |® P w
100 ‘f : . : v
— C
- |r",{4331 @ 33.0'- 34.9". Mostly limestone, moderately f/ Z 605—
s | - weathered, hard, argillaceous, somewhat vuggy, / Z
-] | mostiy yellow brown, with ~30% interbedded chert, 2 .
= light gray with thin streaks of MnOx. seal 7 Z .
= z 4
1CH! - B 34.9'- 38.5'. Mostly light colored chert with ~30% 3/8" Enviroplug Z 2
= strongly weathered limestone, orange brown, Bentonite Chips % / i
NG-3 38 - argillaceous, vuggy, soft and weak. Zero to 3 / %
40 % Tw | | fractures per foot, rough and open. Strongly i Y o
s | Weathered Burlington-Keokuk Limestone. - Y _siatic water Level [ [f oo
[ ] - ©38.5'- 39.8". Very vuggy, very soft, highly @40.4 ft. : s
= eroded. » B i
1 @ ~40.4'- 415", Bit dropped: probable void. g
.7 8424~ 45.0'. Mostly chert, light brown to light
.= ~1.: - gray with thin MnOx streaks; ~20% limestone, 5 -1
o | moderately weathered, argillaceous, thinly bedded. x :
45 - | - , : ) ) £| centralizer————>___P» -
" NQ-4 90 |m @ 45.0’. Overall rock quality improved, especially =1
0/60 T ] RQAD. ~50% chert and limestone. Limestone is still - 595—
- | strongly weathered, argillaceous, soft, focally thinly —_
[ | bedded, fossiliferous and vuggy. Color varies from = -
=T light gray to orange brown. Strongly Weathered Screen =
l-LI Burlington—-Keokuk Limestone. 2% (10 Slot) 316L 55 = E
Tw | @ 46.7'- 49.7°. Mostly chert, light and bluish gray Continuous Wrap = .
s ] ™ and orange brown. -
e ] . ' " | = T
50— no-s == &5 = — @ 49.7'- 50.0" Vugs up to 2". Filterpack | =
P 52/60 @ 50.9'- 51.I'. Abundant oxidized pyrite. FitterSil Silica Sand = 590
Yo @ 51.I'- 53.6'. Limestone and chert, ~50% each, = 4
~  closely interbedded, limestone strongly weathered N
e ] to 53.6'. Centralizer ——————> 14 — b
Tl T LIMESTONE, moderately weathered, argillaceous, —;L = |
=] B generally soft and weak, mostly fine-grained, i -
: -] locally thinly bedded, locally vuggy, orange brown e ]
55 with tiny black specks of MnOx. Zero to 2+ — Bottom Cap And
fractures per foot, some open and eroded, some Total Well Depth 585—
T ™ \_rubble. Weathered Burlington-Keokuk Limestone. 55.0-1t. ‘
- - Total cored depth 55.0°, 12-4-01. Hole reamed to " 7
6" diameter to 56.0' and a 2" monitoring well was 6" Hole To
. L constructed. 56.0-ft. 7
i L 580—
CONSTANT HEAD SINGLE PACKER TEST RESULTS )
N N 29.0 - 39.0-ft. K = 3.8E-4 cm/sec ' -
40.0 - 50.0-ft. K = 1.6E-3 cm/sec
i L 45.0 - 55.0-ft. K = 1.7E-3 cm/sec . E
- n 575
70 — ’
i L 570—
© L5 - -

(M sample Interval [ No Sample Taken  Vminimum  ¥maximum  Yaverage




»
BOREHOLE DIAGRAM ‘
Page 1 of 1
MW-2053 &
S 5
o =|
[+s) p—
Elev [Depth 9 I 1 TOC: 84316 Hydrologic
MSL |BGS <___RQD Values Stratigraphic_Unit . 84077 Testing
401 G0 80 60 40 20 9 M ,ﬁ—ﬁ—% rotective , i
: . W i Casing with
S e '
N \ Concrete Pad With :
_5 . \ 4 Protective Posts ]
6351 § i
- - \ Well Casing 1
» : § g‘;e361|6L Stainless -
— : Qct/Qfv undiff. b
630 10 : § .
:" 15 §<——9 Oiameter :-
6251 § Borehole 4
- 20 : 200 § -
20— : Qf N .
o / %——High—smids Bentonite -1
L pPr § ‘ Grout {"Grout-weli") ]
o5 25 : : § —
[ 265 S i
- ] = : .
™ 3 O : 48f.' C B" Digmleter }—29.0 (beg) 4
L P | - Borehole H —
610—- §5: el Mbkw = -
- : 1T : -
: :::: - N Packer'i’eft: :
- F PR D D K=3.8xI07%cm/s  _
s o 35'“ Ly ’ : ]
i ety = 7 sl : i
1 : : - ) é 3/8" Enviroplug : ]
- : P : . G Bentonite Chips — 38.0 (end) -
40 S = 400 YF L— 400 (beg)  —
600 e J Ll (8008) [ ¥lFQ  -——-static Water Level i .
. : C NI . - o E 840.4 ft. : J
| . /, 4 _- 5 -
| 66! -+ WDk = 5ot bl - centrai ! pa ; ]
595— 45 R Tl (595.8) _._:_ entraizet ; K,?a",’;%ﬁibm),s i
N jun = | : _
i ool L HES Screen i
A DTS = =1 2" (10 Slot) 316L SS. :
- .:.:.:.:‘:.:‘ .... 1 S — Continuous Wrap : -
—50 YT C g ~Packenlent)  —
590—_ RN - =} \-Filterpack : K=1.7x1073 cm/s A
i -l =" FilterSil Silica Sand ; 4
[ SN - o -
: 8 L s - ‘I-'i *E \Centralizer : i
68 [ W 1= :
555__ 55 50 = (Sgg.g] c S “-Bottom Cap And =—55.0 (end) ]
- H 56.0'/ = Total Well Depth : s
- (584.8) \j‘o'“' -
B ) " Hole To ]
L 56.0-ft. ]

Ymininum  Ymaximum

Yaverage
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MORRISONKNUDSEN ENGINEERS, MC.  PRESSURE TEST RESULTS (FIELD)

P SN
m&ﬁ”‘*{ Nito :;.u?m;r m[.z/jm K = 4 x10 Doy
De/ Mcafﬁm ’ 290 © | s3
Test Equlpmentl au/ /‘( ; - BOREHsz:E - Test By:
AL Gavpe | /Var# 3.0 D‘“‘/;gg 72/ fo/
GmundwatetD? Gauge Heightl:boveGround: Gravity Head: 34 + 3
-~ 12/0 Ft. ‘Z -0 Ft. 3«7 Ft.
TEST 1 Inflow pressure (Hp) _OL_ psi x 231 = Zi[_ feet
TIME, MIN. o | 1 [ 2 | 3] a5 16 7 8 [ o | 10| aweracErow |
Meter Reading ol vl Yl o Al " A 4 45 M
Gallons or d v | A v il I 7
Cu. F. o Qb i W ’_lp v crM
Take Per Min. ] [F.F VLS (4.7 [Fle [H. 2144 T [ I CFM x 7.48-GPM
Total Head (Hy) = Gravity Head (Hg) + Pressure Head (Hp) - Head Losses (H|)
6o _Fl=| 370 F|+| 23./ Fm|-| o F.
W27 X
Q (gpm) 11 L@ _ 24s /80 K.CWSEC___ L
. . = In = - =
Hr (1) x L () W o7 * oo | X sz | T BT
TEST 2 Inflow pressure (Hp)_Q__ psi x 2.31 = ¥%-Zeet X /0-4
TIME, MIN. 0 1 2 3 4 5 6 7 8 9 | 10 | QAVERAGE FLOW
Meter Reading 1) 0 4 'h é. 3 GPM
Gallons or 4'0 4’, ) . » ‘II
Cu.Ft 4;4 IS Y Q‘X v l;[' 4} CFM
Take Per Min. [£.214.21 7 L-3 I/”ﬂ—?ﬂ ! | | | |
Hy | £3.2 Fr|=Hg| 37 Fr.+|-|p W2 FT| -H_ O FT
Q L K, CM/SEC
K= HTXLX.011m.—;—= 4'3— x ,ﬂlfﬁ& - MMI
$2.2 % /0.0 [
TEST3 Inflow pressure (Hp) 20  psix231 =42 Seet 4% (0 -
TIME, MIN. 0 1 2 3 4 5 6 7 8 9 | 10 | QAVERAGEFLOW
Meter Reading 0 K/ B./ GPM
o1.01.7] v .
Gallons or . .
Cu. Ft. @J‘ 0]/ i ﬂ’ b '1/')’ CFM
Take Per Min. (2.0 | pd1p.218.11 0.0 | l | ] |
HT FLi|=Hg| 27 FT.|+Hp| 483 FLp-H ' FT.
_Q L K, CMISEC |
= X< s /Mf'x’ | < |-o#8e | - i

4y 70~




MORRISONMUCSEN ENGINEERS, NC.  PRESSURE TEST RESULTS (RIELD) SAe=? 2/ s /&

Project . ~, . 3 Job Number: Test Section: _#74 Z ¢’  |Bore Hole:
#M/{ma/_ﬂml‘m o, Tk ¢! 44 2 !re[ ,
| Oelmeartren Ao © 280 | 2p53
Test Equipment Identificatio /. BORE HOLE Test By:
éq;prn:f cas ot A Orientation: Size: 4, /gh' #’
. -4
A.S. é&ajc__ /V&// S0 ate: /&/3/0./
Packers Groundwater Depth: Gauge Height Above Ground: | Gravity Head:
W : port s T - L -
D ) o’ n| O u|3r3=37
- TEST1 Inflow pressure (Hp) __Z2__ psi x 2.31 = _23.{ feet
TIME, MIN. 0 1 2 3 s | 5 | 6 7 8 9 | 10 | QAVERAGEFLOW
Meter Reading | Ul 1 bl ] v 0{.7)' 5.l aPM
Gallons or \\ ‘g ! ‘ y
W e 1Y WY |a | o
Take Per Min. _ [8.8]5s [=.S 5.5 (2.5 152 | | | I | CFM x 7.48-GPM
Total Head (Hy) = Gravity Head (Hg) +  PressureHead (Hp) - Head Losses (Hp)
Lo ! FT.| = 37.0 FT|+ 23./ FT.| - o FT.
- —_Q(gpm) | _La ~/s K, CMISEC _
= Foxiw """ w7 ,5; x [ofZ |-
Lo- 100 7, m*“‘ ~
TEST 2 Inflow pressure (Hp) ______ psi x 2.31 = feet X 3 '8 X 4
TIME, MIN. 0 1 ] 2 3 4 | 5 | 6 | 7 8 3 | 10 | QAVERAGEFLOW
Meter Reading B GPM
Gallons or .
Cu.Ft CFM
Take Per Min. | [ 1 ] l 1 [ | | |
Hr | FT.| = Hg FT.| + Hp FT.| -H FT.
K= —3 _x 011 = K, CM/SEC
r ~ x =
TEST3 Inflow pressure (Hp) —______ psi x 2.31 = feet
TIME, MIN. 0 1 2 | 3 [ 45 [ 7 8 9 | 10 | QAVERAGEFLOW
Meter Reading GPM
Gallons or
Cu.Ft. CFM
Take Per Min. [ ] | | | L | | | | '
Hr FT.| = Hg FT.| + Hp FT.4-=HL ‘ FT.
- Q - % 011 ln.—!;--.- § ) K, CM/SEC
X




@ rormisoniowuosenenamesns, nc.  pRESSURE TEST RESULTS &@@)@—i / /

Project  +, . . Job Number: Bore Hole:
tditeiorad Mitro gy ract u i Wl
‘_Ae///ﬂgiém <40 S |2osS3 |
Test Equipment Identification BORE HOLE Test By:
Lo pSets Flowe Mefer Onentauon/— S A Berrfer
, . . Date: & ;
A.L- Gauge ver: S0 e g30/2&’@[
Packers N Groundwater Depth: Gauge Height Above Ground: | Gravity Head:
i /
raul’ 4” -0 Ft. Z» a Ft % ' Ft
TEST 1 Inflow pressure (Hp) < S psix 231 = 2% Zeet -
TIME, MIN. 0 1 2 3 4 5 6 7 8 9 | 10 | QAVERAGEFLOW
Meter Reading 8 1 z27.8 oM
) Gallons or l})'o \,0 lé“ﬁ 4\,‘ﬁ A‘o b
2 CuFt 4 CFM
\ < Take Per Min. =) , A , | ] | § CFM x 7.48 - GPM
% Total Head (Hy) =  GravityHead(Hg) +  PressureHead (Hp) - Head Losses (H|)
i’ 77.7 Ft|=| 43  F|+| 347 FT-! o T
K= Q@em) . o141 _ | - K, CM/SEC | -
Hy (ft) x L(ft) r(ft) 251 " | £ "
TEST 2 : Inflow pressure (H_p)_aL psi x 2.31 =5 22 feet ¥/ 0-?
TIME, MlN_. 0 1 2 -3 4 5 6 7 8 9 10 Q AVERAGE FLOW

Meter Reading .0 0 g ?) 0 Q ) 33 ’ 7 GP_M

Gallons or |)( 4 ‘,0' n 1, ‘\X ' '
Cu.Ft IR L2 O (4 lgsg ‘ CFM
ko Per Vi BB EZ A 2030 T 1T T T 1

w8 Fil-ve| 43 W &
Q L , K.CMISEC _ |-
K= Tty 011 ln.T’= v 82&).( z/pp 1 - M
TEST3 Inflow pressure (Hp) £#2___ psi x 2.31 2.4 teet ARIO~3
{ 147 TIME, MIN. 0 1 2 3 4 5 6 7 8 9 10 Q AVERAGE FLOW
% . Meter Reading 01 ! 0 ) Y
éd/q @ Gallons or ‘b()‘ 0\0{ (b:? /\s 4/0 V ; 7
9 v Cu. FL A (7 ' CFM
| o tartin Baa39370 B7s B2 s T 1 [ T ]
Hf /35. 4 FT|=Hg /2 FT.| + Hp 42.¢4f FLyH O FT.
. _Q L _ P o482 K, CMISEC | _
K= g x Oin——= /355(7;500 5 _ M

(xr9~3




2/z |

.WISON-KNUDSEN ENGINEERS, INC. PRESSURE TEST RESULTS (FIELD)
Job Number: Test Section: Bore Hole:
WJW/V/ pB7H TasE 1/ $D  w /lﬂ/
| Detince Sro ‘ 52 12053
Test Equipment ldentification BORE HOLE Test By:
Lot Lo M [Gerimion Size: . B fer
LS. i Vﬂ/% 2.0 D2 yo St/ [
B Groundwater Depth: « |Gauge Height Above Ground Gravity Head: '
ffh tycrauiel H0 Ft. jé Ft.| ' 43’ Ft.
L7 tesTa Inflow pressure (Hp) IS s x 231 = 3% Teer
¢)‘ TIME, MIN 0 1 2 3 4 5 6 | 7 8 9 [ 10 | QAVERAGEFLOW
A Meter Reading ol 5| .0 64 /] 274
L’ Gallons or % \0 ,’? 4ﬁ
V8 | cuR []}’ DR CFM
U? 0 /fTake Per Min. 02.81225177.8122. 1] | L T T 1 CFM x 7.48-GPM
47@4 . Total Head (HT) = Gravity Head (Hg) + Pressure Head (Hp) - Head Losses (Hy)
v 77.7 Fr.| = | 443 Frl+ | 347 Fff- 0 FT.
- Q (gpm) L@ _ &7
K () x L) x .0111In. @ é?‘f N '0432_
- 7.7~ 10-0
TEST 2 Inflow pressui'e (Hp) psi x 231 = feet
TIME, MIN. 0 1 2 3 | a 5 6 7 8 9
Meter Reading GPM
Gallons or
Cu. Ft. CFM
Take Per Min. | N ] | | | | | | ]
HT FT.| = Hg FT.| + Hp CFT| -H FT.
=—2 «otrmt- K. CMISEC
Hr x L r ” x =
TEST 3 Inflow pressure (Hp) psi x 2.31 feet
TIME, MIN. 0 1 2 3 4 5 6 7 8 9 10 | Q AVERAGE FLOW
Meter Reading GPM
Gallons or
Cu. Ft. . , CFM
Take Per Min. | | ] ] ] { i ] | |
Ht FT.| = Hg FT.| + Hp FL.p = H FT.
K= —3—x 011 In.——= K, CWISEC
Hr x L r < x = ]




@MORRISON-KNUDSECENGINEEHS INC. PRESSURE TEST RESULTS (FIELD k- 2 Z K )0 -3 X

/t P 4 A/ Job Number: Test C‘ L Bore Hole:
et W et [ ST |
G T i R T =
AL G avse vert: atdl i 2féfof

Packers ‘Groundwater Depth: Gauge Height Above Ground: | Gravity Head: )
Sasing e ’ .
% Y | S0 Ft e Z L.
TEST 1 Inflow pressure (Hp) 5 psi x 231 =24 7 feet
TIME, MIN. 0 1 2 | 3 | 4 5 6 | 7 |- 8 ] o | 10 | QAVERAGEFLOW
Meter Reading | O Q1 vl Al A 20.0 M|
Gallo T IO P
s P 0 g R | $ -
Take Per Min. w d2ol T T T T craxres-crm
’b\ Total Head (Hy) = Gravity Head (Hg) + Pressure Head (Hp) - Head Losses (H|)
77.7  Fil=| 43 Fij+ | 342 o
. _Q@m o L@ 5& ‘ o] [kowsec _]
TTRr®xLm T rwm ,o///ﬂ -
Hy () x L (f) r(f) 777 o |~ 125 M
TEST2 lnﬂowpressure(Hp)_gg_psnxzm J_ZZfeet ARl0~>
TIME, MIN. 9 | 10 | QAVERAGEFLOW
O,
Meter Reading | 24. GPM| .
Gallons or v ‘ é {'
Cu. Ft. : CFM
Take Per Min., : | | | |
v
LW | /2.3 £9.2 FT|-H O FL
Q L ‘ K, CM/SEC
K = x .011In.——= 24.§
L r X » owb = 0 -
w23 * po éfﬂj
T RN
TEST3 Inflow pressure (Hp) i psi x 2.31 = [ﬂ_ feet
TIME, MIN. 0 10 | Q AVERAGEFLOW
Meter Reading 0 é O ’\ (75 ?) l_/ 3. / GPM
B A v \v @ ]
o W WY o

Take Per Min. Wt 42 7|6’,z 3]‘7_3] l | [ |

Wt | /o7 FL|=Ha| 4£% FL)+Hp| <yg4 FLL-H | € FT.

Q ' i L %3‘/ : K,.CM/SEC

)47 * Jo.o




T @noamsou-xuuossn ENGINEERS, INC. PRESSURE TEST RESULTS (FIELD) | Z/ 2

yd/;é)ﬂ#/ /(/, JobNumber'/ L//TestSechon Bore Hole:
Aot hendrsrr HBTA, T2 e e ez Mu/

. TestEqmpmemld% /{f/k/ i : BORE:EI;E TestBy'4 g Z '
. . 00 e:
vert - > /&/%/a/

Groundwater Depth: Gauge Height Above Ground: [Gravity Head:

“p | 30 o ¥3 o

TEST 1 Inflow pressure (Hp) ‘= /s psi x 2.31 2447 feet
TIME, MIN. o | 1 z{, 3 | &« | 5 8 | 9 | 10 | QAVERAGEFLOW
Meter Reading ol ¥ Y 'é f GPM
ns or ) \‘ o | 4 . ~
swossr | | S V,}f 266 o

y Take Per Min. [MW? 4 f?l , 2 ] | | | 1 | CFM x 7.48 - GPM
@0\3’}/ Total Head (HT) = Gravity Head (Hg) +  Pressure Head (Hp) - Head Losses (Hp)
v

77-7 FT.| = 3 FT.| + 247  FT| - FT.
246 '
Q(gpm) L (ft) i K, CM/SEC
— OMn ——2—= . 3 .
Hr @) x L) r (M) 4 x |.o¥b2 |- L
77-7 £0-0 : -3
TEST 2 Inflow pressure(Hp) —_______psi x 2.31 = feet ' ‘)6 = L T7xI0 -3
" TIME, MIN. 0 1 2 [ a1 a 5 6 7 8 9 [ 10 | QAVERAGE FLOW
Meter Reading GPM|
Galions or :
Cu. Ft. N CFM
Take Per Min. [ 1 ] ] | | | | | |
Hr FT.| = Hg FT.| + Hp FT.| -HL FT.
Ke —2 _x 0t1in—=—=| I i
. r ~ x =
TEST 3 Inflow pressure (Hp) psi x 2.31 = feet
TIME, MIN. 0 1 2 3 4 5 6 7 8 9 | 10 | QAVERAGE FLOW
Meter Reading , GPM
Gallons or ] :
Cu. Ft. ’ CFM
Take Per Min. 1 ] ] | | 1 1 | | I ]
Hr ] FT.| = Hg FT.| + Hp FTL.} =HL FT.
=9 ,onmt- : x _ K. C‘WSEC
X




WELDON SPRING SITE REMEDIAL ACTION PROJECT

MONITORING WELL DEVELOPMENT FORM -
. ES&H 4.4.8.2, Rev.0, 5/95

PROJECT NA@MMM ORK PACKAGE N0 4574, TZ5¢ /I
'SHEET 2 OF 2
DEVELOPED BYWL% M

Well Number: ﬁu - 208, _3 Well Locations:

4&45@1

Date/ | = Hrs. Dev./ | . Gals. Purged/ pH | Temp. | Cond. -, Remarks
Time | Cum. Hrs. Dev. | Cum. Gals. Purged . 1 y
2t 30 ﬁé_ ’
izet7l 35 4
/250 | +b» |
/252 “45
/257 38
|Bo2. S5
V-2 X% WA

é}p 1 // 0}(146' cr



 WELDON SPRING SITE REMEDIAL ACTION PROJIECT

MONITORING WELL DEVELOPMENT FORM
ES&H 4.4.8.2, Rev.0, 5/95

PROJECT NAME4Z2 2L Aored A///ra ﬁé//ﬂea-//a’MORK PACKAGE NO#874, Tast //

| SHEET 1 OF 2
DEVELOPED BY £« y/7e - Wesherrr, A Benter ML

1. Well Number.. MW 2253 Well Location:

2. Date of Installation: __ /& / 7,/ o/

3.  Date of Development: (%Z/é [0/

4. Static Water Level: Before Developmenté?-_‘ﬁéfis; At least 24 hrs. after | ft. .

5. Organic Vapor: Before development N/ A ___ppm; After development N A ppm.
6. Quantxty of water loss during drilling, if us/e(d”aga‘fl /7

N Quantity of standing water in well and annulus before development: "-‘/5 gal.

8. Depth from top of well casing to bottom of well: _i’f_-_é'____ft. (from Well Installation Diagram)
9. Well diameter:_ 2.0 ___in.

10.  Screen length: ,7/) o ft

13.
14.

15.

16.

Minimum quantity of water to be removed: 2.3 _ gal. |
De_:pth to top of sediment: Before~develo§mentA{ A fi; After development, ft.

Physical character of water ('béfore/after devel;apment): Ma—fff ,/ 4/@4/

Type and size of well development equipment: Greet ;4.( Loy -Elo Swbmer. porp

Description of surge technique: [z ;é—f/gf yZa ol Aerrr

Height of well casing above ground surface: CeS ___ft. (from Well Installation Diagram).

. . y) .
Quantity of water removed: é 2 gal. Time for removal: / /& hr./min.




HOLE NOMBER

WELDON SPRING SITE REMEDIAL ACTION PROJECT MW-2054
'BOREHOLE AND WELL COMPLETION LOG H emre— ——
% ' LkCTi\A/E . *7EAST OF DISPOSAL CELL | ' g ki 755929:99
- DRILLING CONTRACTOR DRILL RIG MAKE & MODEL TOC ELEVATION 65
LAYNE WESTERN Inc, v CME-750 HSA/NGWL; I-R TH-60 AIR ROTARY 2.58
HOLE SIZE & METHOD ANGLE FROM HORI % DOTIOM H [GROUND ELEVATION |
11" HSA-30.5; NG-60; 6" AIR-61] . Vertical - E-__ 610 650.05
w;te:-core; Ai¢ ream i | 2"N3lé SS _'Mon. Well &d 30.5r STICK 2:53
AL il el s 513 A0 )
z | .lal8ls [ AN BENFER/BECKY CATO |5 | 1z
ET{, ? Eg uZ_; § g (-_)J § 7 5 WELL DIAGRAM — :T{',
e [Z|ZE|E3| 5| X (58 = | Se
o7 B|EZ|wel = | % |B° DESCRIPTION AND REMARKS S 1 @
o ~ 2 |z
¥ < [FIL Protective 3
' ol | '
T Soil not sampled or logged from the surface to -ft. Diameter N
; A | et NN
5 5| T § § s
- s | N N/
- S < T | \ \ _
- ? B Well Casing- :\\\§ - \ -
? 2" 316L Stainless % \
10 < — Steel § § 640
P T ? B N
. = 7 z ? B § § T
- ? - \ \ .
4 S N \ \ i
15__ ?? - I.EL § § 635
i} s| L \ \ -
- ? ? - . g Dism'eter———————»§ § E
B ? R orehole \ . \ ]
$ N
: M N N
s| L NN
20 STt B35 | CLAY, silty, with some pebbles and organics, FeOx, § § 030 1
? brown, stiff, CL~ CH. Fill. @ 21.5". As above with \ \
? ? N pebbles and sand. § § i
] s 1B
5| L , T ]
25 ST 8 ? | CLAY, high plasticity, with limestone and chert g:%ztsg'lgzge-rxgl?!}e—§ \% o2
: ? ? fragments, some FeOx staining, light gray, »CH. Fill. : § § ]
3| T N N
s | N N -
| oRs T N N ]
30 SPT-3 20+ z$ | \&f;ﬁSTONE AND CHERT, strongly weathered, with s : § § 620
M| * TR TISRE\ auger retusal at 305-1t._Continued with NG core, /| N N | -
o= | | LIMESTONE, moderately weathered, argillaceous, 6" Diameter \ R
- [w] hard, some styolites, some oxidized, locally x | N
L ] | fossiliferous, light gray and light brown, interbedded F| Borenole N i
. | = | with ~30% chert, light gray. Does not appear to be z %
-l T n water bearing. 3 to 6 fractures per foot, rough, \ i
— open, several spun, all are horizontal, minor rubble \
35 NG-2 39 ] zones. Weathered Burl-ngton-}.(eokuk Limestone. L D
49772"

(0 sampie Interval [ No Sample Taken  Yminmum  ¥maximum  Yaverage




AOLE NOWBER :
BOREHOLE AND WELL COMPLETION LOG o T —
| a _ % 1042960.26
WELL STATUS/COMMENTS LOCATION EAST (X):
ACTIVE EAST OF DISPOSAL CELL 755929.99
=z (€] - =z
x —
w2812 18 z WELL DIAGRAM S
T |Oxs|Z20| & O wn =2 [
0 |ajlwojw > O lxo . T}
& o |=| 2 E % ol 5 T :9 = ;E
o |SE2|wo| = | & (|5° DESCRIPTION AND REMARKS = w
C hom © - ; : @ i
T JLMS No fluid return for the entire core, 30.5' to 60.0". . | N
Goriz = IcHRT| . _ ME N % i
@ 34'. 3" long vertical styolite. ’ = % %
T ~ .8 34’- 35", Mostly chert with thin MnOx streaks. = % % 1
- . @ 35". LIMESTONE as above, moderately HH % % 4
T weathered, generally coarse— grained. % . %
=1 ~ @ 37.4'-37.8". Chert breccia. > > 7
40 L™ |- e38- 4. LIMESTONE, strongly weathered, viith 2 7 |60
T chert, hard, light gray, fossiliferous. One to 4+ 7
NB-3 3 14 | ] - {ractures per foot, rough, open, some rubble. % % T
22/48" e ] Strongly Weathered Burlington—-Keokuk Limestone. Seal é é
» al ’ 1
- | @ 40.7’- 41.0'. Limestone fragments with brown 3/8" Enviroplug % %
Tm . A Y
=11 .. cay.. . R : ‘ Bentonite Chips ? ‘ Z v
) . = -1: " NB-3, 9.0 45.0° -Poor Tecovery, loss zohes 2 Y 4
T-L unknown. Chert, fossiliferous, some thin MnOx
_ |— streaks, light gray to light yellow brown, thinly : . 605—
45 NG-4 %, 12 jm T interbedded with ~30% limestone, strongly
l' ] -  weathered, argillaceous, minor solutioning, some -
Tw= styolites, orange brown. 2 :
" @ 45'. CHERT, abundant thin streaks of MnOx, bluish é;;ffgt'c Water Level  f:f |- 1
L gray to light brown, interbedded with ~30% strongly ' : : .
NG-5 [3) ) weathered limestone, very vuggy. ~12+ fractures, z
oa755" . heavily eroded, weak. z .
50 | = | B 48.7- 49.1'. Drilled fast. g Centralizer
-l T CHERT AND LIMESTONE as above, limestone is soft,
B but less vuggy. Heavily fractured and broken with
Tws | rubble. Poor recovery.
o T B
o]
NG-6 14 hm] - NG-6, 53'- 60". Loss zones unknown. Mostly Screen
%4" T=] | strongly weathered limestone, orange brown, 2" (10 Slot) 316L SS
. - | argillaceous, locally vuggy, soft, weak, with ~30% Continuous Wrap
55 = | | scattered chert containing abundant oxidized
- | pyrite near the top of the core. 12+ horizontal
= | | fractures with rubble. Strongly Weathered
ﬂl Burlington-Keokuk Limestone. Filterpack
. = - FitterSil Indus.
- - | Qzt. Sand
o | 3
- jw | | .
60—' J_l T ) Centralizer————— 1.
Total cored depth 60.0°, 11-30-01. Hole reamed to § BT
4 L. 6" diameter to 61.0' and a 2" monitoring well was Bottom Cap And ST
constructed. . Total well Depth
- L 60.2-ft. i
- - 6" Hole To -
61.0-ft.
CONSTANT HEAD SINGLE PACKER TEST RESULTS .
65_ — 32.0 - 41.0-ft. K = 1.5E-5 cm/sec 585
i B 44.0 - 53.0-ft. K = 1.OE-3 cm/sec
53.0 - 60.0-ft. K = 5.5E-5 cm/sec T
70— — 580

(D sample Interval

[ No Sample Taken

Yminimum ~ ¥maximum  Yaverage




4 i

BOREHOLE DIAGRAM poge 1 of

~ Wi
= ' MW-2054 El

Elev|Depth @ o | | 1 s5258"  Hydrologic

_MSLIBGS < I?GE_J[ Valluezls : Stratigraphic Unit = GS: 650,05° . Testing ™~

5 00 8 60 40 20 9 1[4 Coting with ' 1

- : : 4 '% Lgé:(r;r?gwéover. N

B : \\ 2-ft. Diameter .

L N -

- : v

645—;‘ 5 § —_

) N )

640~—— 10 . § '2“?“3|c6?.$g‘tgeﬁnless __J

: \\\ Steel

63515 Fil § ]

L §<—n" Diameter .

- § Borehole -

s30-— 20 § 7

525_:.. 25 %——High—s[olgds Ber;‘toni]te =

. = : Grout (“Grout—well” -

- - v § rou rou ’

620 30 s D \ B

S B & g dencter w0t ]

B 33§ Mbkw : T

si5—— 35 77 5 -

B : Packer Test: 1

5 i K=15x10"5cm/s -

- : 39 ‘| 380 : .

i > : |

o101~ 40 _ é i 410(end) ~

- ’ é eal : E

L : s Z 3/8" Enviroplug : -

R : g , Z Bentonite Chips - i

ol 45 / 5 oo ]

- AYE] ——-static water Lever .

i _ J IR @47.1 1t i Packer Test: ]

= 18! DKW CEE R . ! K=10x103cm/s

s00— 50 (6053(?]—‘_ Centralizer : —

- A=E , . si0fend

_ AZET 270 sion 36w ss i 530(beg
595 55 = Continuous Wrap o R

B N bt O . i packer Test: 7

: GE T T 1= A

) B : .5: - Qzt. Sand :

(" so0-1-60 =L ‘ (538,'8;—?%——\ Centralizer —cooknd 4

81.0'/ ottom Cap And '
- (588.0) Total Well Depth
60.2-ft.

- Ynminium Ynaxinun Yaverage




@IIORRISON-KNUDSEN ENGINEERS, INC. PRESSURE TEST RESULTS (FIELD)

ul JTest :
P g Prred— GET e, sk oA lnd
Nitro d GHen fior #, Pev.3. | 2> Zoset
Test Equipment Identificati BORE HOLE Test B
Sﬂ .5 ’z“’/"ow At J&f Orientation: Size: % &%ﬁ(
HS. éa—»r:-— v W#. j,ﬁ “ Date: /zfoo I/ L7/0ﬁ
Packecﬂ;‘s . Ground;at{er Depth: Gauge Height Above Ground: {Gravity Head:
.. S L5 ’ / ,
: 5 ,M, R 3 il S¥5= 39.5 g
- TEST1 Inflow pressure (Hp) _/Z2____ psi x 2.31 =232 -/ feet
TIME, MIN. 0 1 2 3 4 5 6 7. | 8 9 10 | QAVERAGE FLOW
]
Mot st ;‘}V o #l o A | A |o.13 o
ns or / 99‘ 0 | .\ \¢ Voo ,
Cu. Ft. Q)\' 9 -0 o 9 CEM
Take Per Min. lsgld 124122 12 1,23 1421 /31T T T ] cmax7e-cm
Total Head (Hy) = Gravity Head (Hg) +  Pressure Head (Hp) - Head Losses (Hy)
6.6 FT.| = 225 FT.| + 22./ FT.| - . 0O FT.
- OKST7O
_ Q (gpm) L) 4.0 K, CM/SEC
K= ol 011 ——21_= , / : ;
Hr () x L) " r(ft) éz,%’?‘f. 2 x Losln ;'7;;—- =4
TEST 2 : Inflow pressure (Hp) _ZO ___ psi x 2.31 = 2% Steet LX/0=D
TIME, MIN. 0 1 2 3 4 5 6 7 8 9 10 | Q AVERAGE FLOW
i 4 \
Meter Reading @ , GPM
Gallons or 1’70 4/9' '»f\ .94 i Vé't Wy o2«
Cu.Ft. 9" (% | 'h'b ?5” M ] il
Take Per Min. Io, 2. Z? b-z& AI&:ZS lo. Zil&l—ild.lﬂ | | |

Hr | BS. 7 Fll=Hg| 29S8  FL|+Hp| Hé.2 FT.| -H O FT

- i ﬁ% 70
__Q L K.CMSEC _ |
TEST 3 Inflow pressure (Hp) _.ZQ___ p5| x 2.31 = éZ.Z feet / X/0=2
TIME, MIN. 0 9 | 10 | aAVERAGE FLOW

Meter Reading o 4@ 4) "X (’?( '\ O 38 GPm

Gallons or ‘ W N .

cj.' Ft %‘k tp" 4‘ # ev g¥ 91‘0 CFM
Take Per Min. lo.2910. Mlﬂ 38 10.3%] f { | |

Ht /ﬁﬁ»ﬁ FT.| = Hg 3¢r: FT.| + Hp 47,3 FT.p = HL @ FT.

Q L g K.CMISEC 4.
K= . , —— 2 ~ .
L 0 = x|, o470 =AM;

088 " 4.0

AX (0 -5




éﬁc&wz Z2of.

MORRISON KNUDSEN ENGINEERS, INC.  PRESSURE TEST RESULTS (FIELD)

Proj . Job Number: Test Section: Bore Hole:
/é”t M A//%ﬁ | 4 B7A, Tasé s/ 32_‘// M/
Test Equipment Identification BORE HOLE Test By: .
;&ﬂfaﬂf Elow M W Orientation: Size: v ’4 ‘ /5-&44 /
HS. Gavye— W/*[ F.0 v y( f27/0 1
Packers Groundwater Depth Gauge Height Above Ground: |Gravity Head:
3 oHE '
L«/u»v/ n| Zo n| S#5 Ft
TEST 1 Inflow pressure (Hp)_/i._ psi x 2.31 = _Z3./ feet -
TIME, MIN. 0 1 2 3 4 5 6 7 8 9 10 | QAVERAGE FLOW
Meter Reading 1 ‘lil vl 4 L,/ GPM
Gallons or :59 .)' | ,‘ 1, . ,q' ," wﬁﬁ 2 4
Cu. Ft. |§1 o ¢ |# | CFM
Take Per Min. [0:¢7 10, 450,1% l0-17 [ 0,40,/ T] | v | 1 ] CFM x 7.48 - GPM
Total Head (Hy) = Gravity Head (Hg) + Pressure Head (Hp) - Head Losses (H; )
62 6 FT.| = 39S FT.| + 23./ FT.| - O FT.
Q (gpm) L (ft) K, CM/SEC
K= oLk K | ——— = N 4 —
" Fexew < " Tm .17 x |.0¥¢70 | = ../—4775"—
éz*é ?&0 ’/X’/o"sg
TEST 2 Inflow pressure (Hp) ________psi x 2.31 = feet X YXZ SN
TIME, MIN. 0 1 2 3 4 S 6 7 8 9 Q AVERAGE FLOW
Meter Reading GPM|
Gallons or
Cu. FL CFM
Take Per Min, | | | | I | | | | | |
Ht - FT.| = Hg FT| + Hp FT.} -HL FT.
K= —3 % 01110t = - K. CMSEC
HT x L r X X =
TEST3 Inflow pressure (Hp) —___psi x 2.31 = feet .
TIME, MIN. 0 1 2 3 4 s 6 7 8 9 10 | Q AVERAGE FLOW
Meter Reading ' GPM
Gallons or
Cu. Ft. , CFM
Take Per Min. i | I | I l ! | l | |
HT FT.| = Hg FT.| + Hp FLp~HL ' FT.
K= —2 x 011 In.—— = | K, CMISEC
Hr x L r < X =




@uommsoninvosenenainers, i PRESSURE TEST RESULTS (FIELD) W {‘9?

Proj ‘ Job Number: TestSecton: 2L . F S 7- |Bore ole
Frey fopd Nitro (B4, Tece [AA T
277 / ‘ ° '
e BORE HOLE Test By: 4 5

Test Equipment Identification

5 M;,,.,_S ;/l 774 ,ﬁ{&kr Orientation: Size: B %
H.C. QMQ 1/6/—/ 5.0 Date: //M /

Packers Groundwater Depth:

On Casing . €
v S
Hydraulicfinfia Ft.

/5 psi x 2.31 = 34‘6;9&

Gauge Height Above Ground: |Gravity Head:

J.0 e

Ft.

TEST 1 " Inflow pressure (Hp)
TIME, MIN. 0 1 2 3 4 5 6 7 8 9 | 10 | aAvERAGE FLOW
Meter Readin ol 9o 4] { _ I8.04 GPM
G:Ho:s or ’ ¥ 9 12 7' &D f Dav' 4}' *l" Oﬁo
Cu.Ft |‘;b {‘ b 3& Vb CFM
Take Per Min. llg‘i AR 113,71 16. ¢ /B | /8. | | | CFM x 7.48 - GPM
Total Head (Hy) =/ Gravity Head (Hg) +  PressureHead (Hp) ~ Head Losses (H)
pz-7 Fr| = Y Fil+ | z¢47  FT|- = FT.
2470
Qlgpm) o 699 LM __ A owsn 22 | [OOMSEC |
Hy (ft) x L(f) r(ft) 22.7 X 70 x Jzs| T | /L2
TEST 2 Inflow pressure (Hp) 30 psix 231 = £Z et /X107 K
TIME, MIN. 0 1 2 3 4 5 6 7 8 9 | 10 | QAVERAGEFLOW
Meter Reading &'0 \/\ 4 .4 Vé' x“' I\"" 0? O,p ' 22.7 ¢cPm
car LA el Tl o O Tl oFm
7 Take Per Min. [27. zg/élz?'ZIZz"a\ 23.1z.812 2.0 22.2] | ]
/ ’ ‘
i - -
,"/3 Hr |//72-2 FlL.i=Hg| 8 o0 Fl|+Hp| L% 2 FT|-H o . FT.
z OFZD - '
Ke —Q . orint 257 '/ 2.0 K, CM/SEC
= A o S—— - ‘o// 7 — -
, Hr x L r Jr7.2 X P.o X 28 W
! -3
f‘ TEST3 inflow pressure (Hp) i3 psi x 231 = L24F feet / K70
TIME, MIN. 0 1 2 3 4 5 6 7 8 9 | 10 | QAVERAGE FLOW
\‘)\ Meter Reading v A § ‘47 2 vy {7 v u 24 -4 GPm
1% Gallons or LI A 4 o@. \U ! X
U \{ v Cu.Ft. ]qvlb @l’ _ Iﬂ @v P A0 , &) \\l‘\, \47 — o
1% Take Per Min. 2¥< li Holze-Blee-S122.712¢-02¢,1126,01 T 1]
Hr |/52.0 Fi|=Hg| ¢48.0 Fi|+Hp| Jof FLE = HL o  FT
=9 L_ | K, CMISEC
K= = L X .011In.,.,—r—-— Zéx.‘f < | ,OH#70 - ¢ﬂx/ﬂ'lf
752 7.0




| Sheet 2 4/2/

@wuormsonxuupsen enaineers, . PRESSURE TEST RESULTS (FIELD)

l}ect: ,pm ;( /\//~ %rﬁ Job Number: Test Section: Bj;;l-;)‘le/:
AL ~ 24, Ta st i '
ﬁjﬂ%?‘laﬁ A BT, Hd v S35 | zpsE
Test Equipment Identification BORE HOLE Test By: ’ AR
Lot Ser s Flow Mefer  [Crentaton Size: /4’ = /‘ X /7
“ . [
Yol Gavge— Vert. Zo oas: /)28
Paocnkecr:s ' c Groundwater Depth: Gauge Height Above Ground: [Gravity Head:
ing
Single/Double A
Hlyndgraulicl‘llnﬂatable L/{ Ft. j 12 Ft. 45 Ft.
t . ' \ '
TEST 1 Inflow pressure (Hp) _i__ psi x 2.31 5L Steet
} ’[9 TIME, MIN. 0 1 2 3 4 5 6 7 8 9 10 | Q AVERAGE FLOW
A Meter Reading a \ A u 9 \ ,é o \ &.2 GPM
N 0@ % Gallons or 44 10 mo ' ap,\. 4,‘)‘ ﬂq 66' 411‘ 09 Od ¢ 0“ /
q@ Cu. FL | " 2 /2 S N (/A () crM
i Take Per Min, [22. A4 .24 &1/5-7 | /i, 31 /e ] He 3] [ | CFM x 7.48—GPM
Total Head (HT) = Gravity Head (Hg) +  Pressure Head (Hp) - Head Losses (H})
B2-65 Fu=| 8.0 FT.| + L LS FT| - — FT.
D A7
Q@em) . oyqpn LM _ .3 , g K, CM/SEC
ft) x L(ft) T - < \ottin | _ '3
Hr () x L(#) r(ft) g2.7 * 9.0 2125 /«{x/a _3
: R .~
TEST 2 Inflow pressure (Hp) _/_.__ psi x 2.31 = feet 7 = JOXIO 3
TIME, MIN. 0 1 ] 2 3 4 5 6 7 8 9 10 | Q AVERAGE FLOW
Meter Reading GPM
/ Gallons or ,
’ Cu. Ft. | . CFM
' Take Per Min. L1 I | I ] | | | | |
Ht FT.| = Hg FT.| + Hp FT.| -HL FT.
Ke —2  » 011l = K, CM/SEC
Hr x L r » x =
TEST 3 Inflow pressure (Hp) ——____ psi x 2.31 = feet
TIME, MIN. ) 1 2 3 4 5 6 7 8 9 10 | QAVERAGE FLOW
Meter Reading GPM
Gallons or
Cu. Ft. ' CFM
Take Per Min. l ] l | | I [ 11
HT FT.| = Hg FT.| + Hp L -H, FT.
= Q x .011 ln.—L— = K, CM/SEC
T xL r < x =




@MORRISON-KNUDSEN ENGINEERS, INC. V PRESSURE TEST RESULTS (Hﬂ Q Y / o _,5 / / D »

Job Number: .86re Hole
MA&:J My fro 917 7’2.(&1/
Letrrcadcon 230 w© éa
'I;ez:i:?men;{eénufcig /au( /e 4 — BORE l-slgeLE Test By: /4 5 #f‘
Packers Groundwater Depth: Gauge Height Above Ground: | Gravity Head:
ing
Harle <3 n| 20 Ft. S8 Ft
> TEST 1 Inflow pressure (Hp) L psi x 231 = é_‘i?feet ’
TIME, MIN. 0 1 2 3 4 5 6 7 8 9 10 | Q AVERAGE FLOW
Meter Readin: A A A q DO. 52 GPM
Gallons or ° le?)p -%4' 4;, 4# ?} 9.17 (\", fb &
Cu.Ft. W J(h J{‘ A ,)& N Je‘ CFM
A Take Per Min. l6.52]4. ? 10, C7 . fb L Z2 | ] ] 1 CFM x 7.48 - GPM
Ve Total Head (H7) = Gravity Head (Hg) + Pressure Head (Hp) - Head Losses (H)
Bz.7 FL| = | 4/ FLl+ | 3,7 FI| - O FT.
, _:ﬂ_‘{43
Q (gpm) L (ft) : K, CM/SEC
K= 5 x .01 In.———= .52 - -<
H@®x L@ r (f) 327 X 7.0 x .o////l 2§ “oklo s
TEST 2 Inflow pressure (Hp) _32___ psi x 2.31 =@.2. 3 teet
TIME, MIN. 0 1 2 3 4 5 6 7 8 9 10 | Q AVERAGE FLOW
= L LI L L L lob
Cu. Ft. ‘yb ' é’/ 5 l,g (}’ 5"' éb CFM
Take Per Min. £22 08 11-O5TLO Ttos 1207] | ] | |

Wi | f17.3 Fi|=Ha| &4 B FT|+tp| 6% 2 FI|-H O FT.

o Q L ' 1 K. CMISEC __+
o1 K= HTxLx'm”n'_r_:- ADXL x »ﬂl/'t‘B = 2.
’ ;‘ . //7’ 3 7'0 : -

' TEST 3 Inflow pressure (Hp) _SZ>___ psi x 2.31 =% feet
TIME, MIN. 0 1 2 3 4 5 6 7 8 9 10 Q AVERAGE FLOW
eter Readi U 4 0 \ 4 ). /2  GPM
Meter Reading 0 9 A ] /-
Gallons or \ ,b' ‘x.a? ?0 % 0 \¢ " 4):))
Cu. Ft. \ A P CFM
Take Per Min. §§1A 2314721/ 72217 71 J/chﬁ 7 1 I |
Hy /43-5/ FT.I = Hg ‘/’ﬂ FT.| + Hp //5:;' Fol-H | .  FT
Q L] ' K,CMISEC
K= HT"Lx.o"ln.TiL /;7_& N owd3 | s
43. = 70 | )

X165




MORHISON-KNUDSEN ENGINEERS, INC.

ISON KNUOSEN COMPANY

PRESSURE TEST RESULTS (FIELD)

Project: N » /U Job Number: Test Sectiqn: ' Bore Hole:
Méﬁt&/ ¢ ry 74{ 7rSE Ll mws
Jelineatron - 53.0 © £0O |2ps%
Test Equipment Identlﬁcatlo BORE HOLE Test By: ‘
Berisan s Lol /ii&?l& /" [Orentation: Size: 4 Wy A’/
&
HeS - ég&uj e Vert 3.0 Date: ///30/4’/
Packers Groundwate} Depth: Gauge Height Above Ground: | Gravity Head:
g@i" ’ / S$# B
raulic&@ #5 Ft. 3 0 Ft. Ft.
TEST 1 Inflow pressure (Hp) / § psi x 2.31 —3ﬂ feet
TIME, MIN. 0 | 1 2 | 3 ] 4 ] 5] 6 ] 7] 8 ] 9 | 10 | QAVERAGEFLOW
Meter Reading ) 01/ 2 W”i ) q‘i 21 W o. 7% GPM
Gallons or 4b. A A Ly Lae - A%
Cu. Ft. 1" A" W a1 ® ~ CFM
Take Per Min. [0.£2.68]12.7310. 75 10, 78] 5.2 7p. 78] | | 1 CFM x 7.48— GPM
Total Head (Hy) = Gravity Head (Hg) + Pressure Head (Hp) - Head Losses (H})
42.7 FI-= ] FLl + | 247 FT.| - O FT.
Q (gpm) % 011 1In. L) _ O. ‘ K, CM/SEC
Hy @) x L(ft) r (ft) x7’/ x |, ﬂ4u/- 5 =
227 7o
TEST 2 Inflow pressure (Hp) psi x 231 = feet X = 5 { X /ﬂ' S
TIME, MIN. 0 1 2 3 4 5 6 7 8 9 10 | QAVERAGE FLOW
Meter Reading GPM
Gallons or
Cu. Ft. CFM
Take Per Min. | | ] | | | | | | |
Hy FT.| = Hg FT.| + Hp FT.§ -HL FT.
=—9 cotim-t- _ [omsec
Hr x L r < X =
TEST 3 Inflow pressure (Hp) psi x 2.31 | = feet
TIME, MIN. 0 1 2 3 4 5 6 7 8 9- | 10 | QAVERAGE FLOW
Meter Reading GPM
Gallons or '
Cu. Ft. CFM
Take Per Min. [ l ] | 1 | | I 11
Hy FT.| = Hg FT.| + Hp FT.| -H FT.]
=—2 sonm-t- ‘ K, ,CM’SEC
x L r | < x =




WELDON SPRING SITE REMEDIAL ACTION PROJECT

MONITORING WELL DEVELOPMENT FORM

ES&H 4.4.8.2, Rev.0, 5/95

PROJECT NAM@M@MMWRK PACKAGE NO¥ZZA. 7ast /(
DEVELOPED BYA%%Q Westerr? , #Mﬁéggé/ S

1.

2.

10.
11.
12.
13.
14.

15.

16.

SHEET 1 OF 2

Well Number.: AW - 5% | Well Location: .. a,/ ech
Date of Installation: __/Z, / 7 / o/

Date of Development: /&/ /3 / ﬂ/

éf fS 7z 70¢C
Statm Water Level: Before Development At 1east 74 hrs. after ft.
Organic Vapor: Before development . NMA ppm; After development NA ppm.

L nowrr?
Quantity of water loss during drilling, n’@ed: . gal.

Quantity of standing water in well and annulus before development: Z & gal.

Depth from top of well casing to bottom of well: £Z-S~ ft. (from Well Installation Diagram)

Well diameter:__ 2.2 in.
Screen length: /2.0 _ ft.

Minimum quantity of water to be removed: 22~ gal.

Depth to top of sediment: Before developmént MAF_fr.; After development 4/4. ft.

Physical character of water -(before/after development): éga.// Zt g/a'gg

Tyoe and size of well development equipment: Aﬁ"/“‘e w el “"V’f‘/ 74"““";
yPe P canp oA Yo ¥ Beiler

Description of surge technique: _M_é&%é ,&4& -fZp WM

Height of well casmc above ground surface: 2 5 ft. (from Well Installation Diagram).

Quantity of water removed: % cal Time for removal: Zjl'i‘:—- hr./min.

-




WELDON SPRING SITE REMEDIAL ACTION PROJECT

MONITORING WELL DEVELOPMENT FORM

ES&H 4.4.8.2, Rev.0, 5/95

(2

SROJECT NAME@M@M&&L‘@"’ ORK PACKAGE NO.$&/A, 77k 4/
- | | SHEET2 OF 2
DEVELOPED BYA%M@,L_M&?& SME -
Well Number:_Z %’ﬂ - Zﬂé f# Well Locations; M £. z;ﬁ V=25 4 , /e &J
P |

2/ 0 _
ev. . Pur Temp. | Cond. . Remarks
gitne; Culriljsﬁi. D/ev. Cuia.lsGalle.' %?i/ged P ¥ ' M
/7 Zo 2 adk| i
| .9 3.3 a77 SXZ
B 2 4.7 Mo \p72| $B.2
/O 24 \4-7 wo 083 Z22.7
Lo/3 |28 &2\t 022 37.0
2 & 6.7 |39 \0.22\ -7
o2/ \F3 {éz B.8 \0.82| /158

/Wa( tno or &GS, F7 7445 Al -
Bued pohe = SHE Gl




. . HOLE NUMBER
WELDON SPRING SITE REMEDIAL ACTION PROJECT MW-4030
BOREHOLE AND WELL COMPLETION LOG e
‘E‘E 1043403.12
WELL STATUS/COMM ENTS LOCATION AST (X):
| % ACTIVE NE OF DISPOSAL CELL, NEAR FROG POND - ‘ 756457.20
- 'DRILLING CONTRACTOR ORILL RIG MAKE & MODEL TOC ELEVATION
. LAYNE WESTERN Inc. CME-750 HSA/NXWL; I-R TH-60 AIR ROTARY 645.04
; HOLE SIZE & METHOD ANGLE FROM HORIZONTAL & BEARING] %6’ BOTTOM OF HOLE (1D) GROUND ELEVATION
| 9" HSA-27; NX-53; 6" AIR-56 Vertical 56.0 642.54
DRILL FLUIDS & ADDITIVES CASING TYPE, DEPTH, SIZE ﬁa “BEDROCK STICKUP
Water core; Air ream 2" 316 SS Mon. Well 24.5 2.5
DATE START DATE FINISH E§ NAlﬁ LEVELS & DATES HYDR CON&ICTIVIT% {cm/sec)
10-12-00 10-25-00, Mon. Well 2 ! 1,0x107° (Packer Test)
- © L1THOLOGY BY — -
| - (w2523 83 S, ALAN BENFER Z WELL DIAGRAM S
-9 lE|luolw > O |xaon . - =~
: 5822523 5| £ |38 S l 58
1 o HlEZwe| =« | % |B° DESCRIPTION AND REMARKS =z | : w
| < oy = c o - | o
C b o © hdd _
SPT-1 0/ /c CLAY, silty, medium plasticity, mottled orange brown Al protective N > -
| . and light gray, dry, hard, CL. Ferrelview Clay. Casing with
; / Locking Cover. ] ~ b
SPT-2 28 - 2-ft. Diameter Q QN
| / CL as above, mottled light gray (10YR7/1) and Concrete Pad With \ % 640
B brownlsh yellow (IOYRG/G) damp, hard. 4 Protective Posts § § i
T3l | 28 / S O ' ' L
5 % ) "¢l as above, mostly very pale brown (I0YR8/2), § § =
. damp, hard. \ \ ]
SPT-4 20 / - \ \
/ CL as above. § § T
>
SPT-5 14 / - e Well Casing- b\Q ad § 8357
/ CL as above, very pale brown (I0YR7/4). g't':;f“- Stainless § § .
/ \ ]
0—Wlsro| | 2 ZART ~ocav, migh prasticity. sickensided; mottiad brownian § § i
» L yellow (10YRG/6) and light gray (10YR7/1), moist, \ \
Vs // firm, CH. Ferrelview Clay. § § 4
= SPT-7 18 G~ """ TTTTTTTTToTTTTTomTmmoooeees \ \
e : 6301
/ - CH as above, with FeOx and MnOx, ~10% fine white § \
18 5 "/ sand. Basal Ferrelview Clay. § § 4
i ‘ / -------------------------------------- 1 -
15 Ly CH Clay, high plasticity, ~15% fine to coarse angular k § § A
SPT-9 5 P / . sand and angular fine gravel with MnOx and FeOx; g" Diameter———»\ \
i mottled brownish yeliow and tight gray, moist, hard, Borehole § \ -
- CH. Clay Till.
} — 2 ¥ ; CH as above, ~30% sand and fine gravel. \ § 625
f CH as above, angular gravel up to 1", slickensided, \ T
§ - weak red (2.5YR5/) in tip of sampler shoe. ~ _
| 20 SPT-11 55 [~ CLAY, high plasticity, with angular weathered \
limestone gravel fragments, mostly pale brown bt \ N
(10YR6/3), moist, hard, CH. Clay Tilt. o \ i
SPT-12 21 CH as above, mostly yellowish red “(SYRS/BI with \ 620
. weathered limestone gravel up to I". High-Solids Bentonite R \
Grout ("Grout-Well") \ b
SPT-13 23 i § -
25 [~ CLAY, high plasticity, with weathered limestone \ \
. | fragments, MnOx, mostly brownish yeliow, moist, hard, \ \ ]
PT-14 58+ ¢ 4 CH. @ 26, CH with weathered limestone fragments. \ \\ i
N |8 LIMESTONE AND CHERT, with high plasticity clay % 615
33/60 Tw 1| ims from 27.2' to 27.9", reddish brown (7.5YR6/8). %
-] Limestone is moderately weathered and moderately § d
. !__l’:l L hard, minor oxidized pyrite, light gray. With minor N
T chert. Weathered Burlington—Keokuk Limestone. c . N e
30 ' ' ‘ entralizer——————>N W
- | @ 27.8'- 30.I'. Core loss is probably clay based on x \ B
[T o] | drill cuttings. = ) %
= @ 30.-30.5. Limestone rubble. z % -
,' NX=2 % 37 -{. T @ 30.5'. Lost circulation permanently. S 610—
Lv =1 , 31.4° 32.0°. Cherty limestone. % i
- @ 31.7". Fractures are oxidized; possibly water 6" Diameter ——————> \\\\
35 [=] bearing at some time. 1] Borehole N 7

(I sample Interval

[ No Sample Taken

Vminimum  ¥maximum  Yaverage



— HOCE NUWBER
BOREHOLE AND WELL COMPLETION LOG T
_ : ' & 1043403.12
= WELL STATUS/COMMENTS LOCATION . AST (X)
= ACTIVE ' NE OF DISPOSAL CELL, NEAR FROG POND 756457.20
z o - .
e — =
r |wlgslzz| 8|98 z WELL DIAGRAM 5
-— | DI~ O| o O w > —
=9 |ajlwojws> O lran . Y
5o |Z|2E|Q8| 5| T |50 = So
o~ |&1E3|ae a |=0 DESCRIPTION AND REMARKS =2 TR
1PN It < {o o
= ax| = c |a fu d
|9 100 bt : ld
—
] i 1(33.%3 NX-2, 32.0°-37.0". Limestone, moderately to z ]
- strongly weathered, moderately hard, generally 2
- "} argiltaceous, mostly yeliow (2.5Y7/8), strongly ‘.F ]
NX-3 22 weathered at 34.5' to 36.5', core is soft and 505—
15/60" - | eroded at 34.8' and 35.7"; ~40% chert, mostly white
(2.5Y8/1), ~20+ fractures, mostly horizontal, all are _
| T | | rough, open, oxidized and locally eroded
—
Tw] NX-3, 37.0'-42.0". Core loss ~75%, recovered core 7
40 = — is strongly weathered limestone, orange brown,
Tw] | some solutioning, ~25% chert. Strongly Weathered Seal h
s Burlington—-Keokuk Limestone. 3/8" Enviroplug -
NX-4 g 14 |@] ™ NX-4, 42.0' to 47.0". Strongly weathered and Bentonite Chips
56/60" [Te] | vuggy limestone with soft zones that break with 600
. =1} > --finge? pressure,-mottled-grayish orange (10YR7/4) x :
: |- ] . * -~ &nd drayish pink: (5YR7/2), minor chert. 2 7
| : - .
45 [T ] | = v
---Static Water Level i
Tw=] | @ 45.3 ft.
= | _
| == | R T,
NX-5 16 NX-5, 47.0" to 53.0°. Limestone, strongly E
0712 ﬁj | weathered, fine-grained and argillaceous, grayish Centralizer———————— 5954
‘ orange (10YR7/4), abundant horizontal fractures, g i
=] | open and rough, ~30% light gray chert.
- | .
50 Le | - Filterpack
= , 20/40 Silica Sand .
- B 51.0'-51.9". Less weathered, coarsely crystalline ';i"
- | limestone. Weathered Burlington—Keokuk % 7
L Limestone. 2| screen 590
B 52.1'-53.0°, Less weathered limestone with ~40% =2 2" (10 Slot) 316L SS
\ chert. Continuous Wrap -
7 [ Total cored depth, 53.0', 10-20-00. Hole reamed g
55__ . to 6" diameter to 56.0' and constructed a 2"
monitoring well. Bottom Cap And ]
_ L Total Well Depth
55.2—-ft. i
6" Hole To 585—
7 i CONSTANT HEAD SINGLE PACKER TEST RESULTS 56.0-1t.
N N 35.0 - 45.0 ft. K= 1.0OE-3 cm/sec 7
45.0 - 53.0 ft. K= 6.0E-5 cm/sec |
580
. 575
L——: 570

M sample Interval

[0 No Sampte Taken

Ynminimum

Ymaximum  Yaverage




BOREHOLE DIAGRAM

Page 1 of 1
MW-4030 p
g — | g
Elev |Depth 2 4 I TOC: 845.04' Hydrologic
MSL |BGS < BGD; Vaes Stratigraphic Unit i GS: 84254 Testing
- ' EEREX. ‘ 7 \; ‘\fhﬁﬁgtm .
ot ' ZENE\ R :
. 70 § § -
- ZEEENEN k
535—: atv / § & y ) =
/ \ - N Well Casing e
- / \ § 2" 316L Stainless i
:_10 7 ' § § Steel . _
630—_ é § § ]
: Z, \ \ ]
—15 : 150 4 \ \ -
I ' 1/ \§ %ﬁ;@s@zw :
’ 55 § § :
20 LB X ]
620~ ;/ § § 4
- -/ \ |—High-Solids Bentonite .
= § § § Grout (“Grout-well") .
= 728 | :
615~ \ § )i
. i N
__ 30 ; —Centratizer _—
oo 2 " n \ i
:_35 37 §<—-——6 Diameter : .
B § Borenole — 35.0 (beg@
605— ) \ : ]
a0 |/ . s,
600—_ e ) ggtoi?tvg%ﬂi%% ]
3 17! Woksw 445" : 1
B 45 (588.0) ! é:ss.’;aftti? water Level — :gg EE::)) 7]
5951 -‘ —Centralizer : i
L N 1 Packer Test: _
. : K -5
~50 s LRV R
590~ ISE Mk =kl screen 53.0 ( i
r : . =1 —:2: lio Siot) 316L 55 — Gfenad
) ..: - ".' ontinuous Wrap s
.._ 55 (Sg%g]—::rﬁ-:-’_\-eottom Cap And —_
- 56.0'/ Total Well Depth i
585~ (586.5) 55.2-ft. ]
s

Ynminimum ~ Ymaximum  Yaverage



MORRISONKNUDSEN ENGINEERS, INC. PRESSURE TEST RESULTS (FIELD)
Project: Job Number: : Test Section: ) Bore Hole:
250 © 450 |30
Test Equipment Identification BORE HOLE ' Test By: 4‘ A
e, V=22 Md»é/' 24 Orientation: Size: 4/” geﬂ :
WS Gacse . : “ Date: - [
Packers Groundwater Depth: Gauge Height Above Ground: [Gravity Aead: ¢
On Casing _ h j o9 i oA Y
Sin (4
Hydgraulic@ “S Ft. 7 Ft. Ft.
' Courd wof Hevelo)O
TEST 1 Inflow pressure (Hp) _ £ psi x 2.31 = feet Srestgmre— "
TIME, MIN. 0 1 2 3 4 5 6 7 8 9 10 | Q AVERAGE FLOW
Meter Reading . GPM
G =
Cu. Ft. ‘ CFM
Take Per Min. 14.2.5 | | { | | ] [ | | | CFM x 7.48 - GPM
Total Head (Hy) = Gravity Head (Hg) + Pressure Head (Hp) - Head Losses (H|)
FT.| = FT.| + FT.| - FT.
2 grin L0 . _ [romsee
T X 1/ X0 -
TEST 2 ‘ Inflow pressure (Hp) ' psi x 231 = feet
TIME, MIN. 0 1 2 3 4 5 6 7 8 9 10 | Q AVERAGE FLOW
Meter Reading . GPM
Gallons or '
Cu.Ft. | CFM
Take Per Min. | | | | | | | 1 | | ]
Hr FT.| = Hg FT.| + Hp FT] -H FT.
K= —2 _» o110t = K, CMISEC
Hr x L r < b =
TEST 3 inflow pressure (Hp) ___psi x 2.31 =, feet
TIME, MIN. 0 1 2 3 4 5 | 6 | 7 8 9 10 | QAVERAGE FLOW
IMeter Reading GPM
Gallons or
Cu. Ft. ) CFM
Take Per Min. [ | ] | | ] | 1 | | ] '
Hr FT.| = Hg FT.| + Hp FT.| -H FT.
__2Q P 1n.—"-‘-=' ‘ K, CM/SEC
HT x L r v x =




Py ls¥V O

M OARSON-KNUDSEN ENGINEERS, INC. PRESSURE TEST RESULTS (FIELD) y 2
Project: Job Number: Test Section: - . Bore vl:iale:
. My
FRoQ Paes QW [nesnganed 45 © 53 A33D
~ [Test Equipment Identification BORE HOLE ’ TestBy: R. CATD
Orientation: Size:
Vw.. Nx . " Date: V/ - 20 -00
Packers Groundwater Gauge Height Above Ground: |Gravity Head:
&5, * S 4" R L 52.0
ouble, .
| Hydrauiicigiatably ﬁ( %’ Ft. M Ft.
TEST 1 Inflow pressure (Hp) _&’psi x 2.31 =&:_.$_5feet

TIME, MIN. 0 1

N

4 5 6 7 | s 9 10 Q AVERAGE FLOW

Meter Readin Z ] 0.8% opm
s ’ng’ s (o 4.0

Cu.Ft . L ' , CFM
{Take Per Min. 0-5|3.1p.§ | | ] | | CFM x 7.48 - GPM
Total Head (HT) = Gravity Head (Hg) + . Pressure Head (Hp) - Head Losses (H|)
/33.8 fi|=-| Jeg ml+| go.es |- =
N2
~ Q(gpm) L) ' K, CM/SEC
K= = x 011N ———= 0.5,
Hr (ft) x L( r(ft) x loltfn = -5
T xE0 (zsiw) |/33.87 8 #25| " | 2x/0
TEST 2 inflow pressure (Hp) _45__ psi x 2.31 J03-35eet g
TIME, MIN. 0 1 2 3 4 5 6 7 8 [ 9 10 | Q AVERAGE FLOW
Meter Reading O ' : Y 2( GPM
| aliods or g)f 4.3 3-6 9-6 \\.O \‘1,-3 B 9 4
Cu. Ft. 1 ’ . E CFM
Take Per Min. _ L33\ %]1.21 1.3} |.g=,1» , ] | | |
e [ /2.9 Fil-ra| Zod FT|+Hp 103.95 FT|-H FT
Q L B -3 'K, CM/SEC
K = xotmt=| a8 -
Hr x L T : r x ollgv. 5 | = | £ -
| T /86,9 195 5 X0
TEST 3 Inﬂow pressure (Hp) i psr x 2.31 —LZ7'_05feet
TIME, MIN, 0 10 | Q AVERAGE FLOW
Meter Readin . . GPM
org b.o Q.q \3'6 l'].q 2. b]ﬁ.é 5-9 .
Cu. Ft. CFM
Take Per Min. |£§ @.9|§.SIL€)I3.Ql | | | | |
Hr | /80O FT.|=Hg| $3 Fl.l+Hp| /270 Fr|-H FT.
Q L K, CM/SEC
K = x .011In.— = 3.9
/ HT x L r 170 x 8 X * 0'45'3 = /6 AX/O"/ |
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MOBRISONKNIDSEN ENGINEERS, INC. PRESSURE TEST RESULTS (FIELD)

Project: Job Number: Test Section: . Bore Hole:
45 ©55 | 4em
Test Equipment Identification BORE HOLE Test By:
Orientation: Size:
Date:

Packers |Groundwater Depth: Gauge Height Above Ground: ] Gravity Head:

On Casing

Single/Double

Hydraulic/inflatable : Ft. Ft. Ft.

TESTX4- Inflow pressure (Hp) M psi x 2.31 =”‘5_'7_5feet

TIME, MIN. 0 1 2 3 4 5 6 7 8 9 10 | QAVERAGEFLOW
Meter Reading 6 \\‘0 6 q ')/ “ d, 1 . ‘/[ GPM
Gichor % Ll KR 740 R\ Sl PYCI R

Cu. Ft. W ‘6 \ 6 _ CFM
Take Per Min. LS 1151 (.41 1. 3T\ &1 Al ] ] | |  CFMx 7.48-GPM
Total Head (H) = Gravity Head (Hg) +  Pressure Head (Hp) - Head Losses (H|)

/S FT|= 5% F.l+| /03.9 FT|- ' FT.

Q (gpm) L (ft) ] ' : K, CM/SEC
2 x 011in.——L_= (Ll -
Hr (f) x L (ft) r(ft) x| .o($8 = <8
T 15%.9 * & gkR0™>
TEST 2 _ : _Inﬂow pressure(Hp) . psi x 2.31 = feet _

TIME, MIN. 0 1 2 3 3 5 6 7 8 9 10 | Q AVERAGE FLOW

Meter Reading : . GPM

Gallons or ’

Cu. Ft. ’ CFM
Take Per Min. [ T T T T 1 T 1 T T 7

HT FT.| = Hg FT.|+Hp| FT.| -H_ FT.

Ke —3 & 011In. == K, CMISEC
Hr x L T < ‘ x | =

TEST 3 Inflow pressure (Hp) ____psi x 2.31 = feet

TIME, MIN. 0 1 2 3 4 5 | 6 7 8 9 10 | Q AVERAGE FLOW

Meter Reading - GPM
Gallons or
_Cu.Ft. ' CFM
Take Per Min. ] | | | | | | j 1 | |
Ht FT. = Hg FT.] +Hp | . FT.| -HL FT.
N Y K CWISEC
Hr x L r < X =




> = HOLE NUMBER
‘WELDON SPRING SITE REMEDIAL ACTION PROJECT MW-4038
BOREHOLE AND WELL COMPLETION LOG Y T
WELL STATUS/COMMENTS TOCATION EI EASTTR® 1043537.83
ACTIVE N. ARMY PROP., W. OF CO. ROAD MAINT. YARD 756647.70
DRILLING. CONTRACTOR DRILL RIG MAKE & MODEL TOC ELEVATION
LAYNE WESTERN Inc. CME-750 HSA/NGWL; I-R TH-80 AIR ROTARY 648.95
AOLE S1ZE & METHOD ANGLE FROM HORIZONTAL & BEARING] Zs BOTTOM HOLE (10) GROUND ELEVATION .
9" HSA-38; NG-64.9; 8" AIR-62]  Vertical E- 64.9 : 646.40
[DRILL FLUIDS & ADDITIVES | CASING 1YPE, DEPTH, SIZE = “BEDROCK STICKUP
Water core; Air ream . 2" 318 SS Mon. Well & 36.3 2.55
DATE START DATE FINISH §§ WATER LEVELS & DATES HYBR CONOUCTIVITY (Cm/sec)
12-14-01 — 12-28-01, Mon. Well |88 Y ¥
- © LITHOLOGY BY - —
- |ul@slE3] 8 g S BECKY CATO Z WELL DIAGRAM M é__
S & | “: -
Prot.ev:‘tiv.e————-—d
] i Egg;gggwggver. yo az 645—
I r ) . 2-ft. Diameter N N
: 02 Saemaden i s ot sonpled o g fron s NN\
5- - N X
- - N N
| i \ \\ 540
N X
i ot \ \
10': _— § §
- - well Casing & § 8307
2" 316L Stainiess § \
- - Steel § §
- - \ \
157 B § \
] i %‘; § § 630
_ l : N N
3 N X
- | : 1
20 - N N
' S ;3;'ea§.zete'——’§ § o
e - / \ \
- | 1
- | 1
25 . N\
N N
] i § § 620—
4 s \ §
- s \ §
- | \ N\
307 i sz \
_ B rou rou e § § o5
| I N N
- | 0
N
35 SPT-1 33 o] -
0 sample Interval (] No Sample Taken  Yminimum  ¥maximum  Yaverage
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HOLE NUMBER
- WELDON SPRING SITE REMEDIAL ACTION PROJECT _ MW-4039
= BOREHOLE AND WELL COMPLETION LOG glovesr 2 o 2
. S NORTH YT
@D 1043537.83
WELL STATUS/COMMENTS LOCATION EAST (X} :
ACTIVE N. ARMY PROP., W. OF CO. ROAD MAINT. YARD 756647.70
z o — .
wz.le2 82|38 z 'WELL DIAGRAM 8
I OIS0l 26 & O w = =
Fo |Zjuolw > Olxwn . =3
5 |Z|ogl2s 5 | |58 - <%
ov |GIE2|luel = | X |BC DESCRIPTION AND REMARKS g iha
=T |aac| z | 2|3 d= o
(] [G) [4p]
D100 i
j A EH 1 LAY, high piasticity, with gravel, yellowish red £ T
T o~ 5YRS/6), hard, CH. Residum. 610~
4 = LMS I CHERT AND LIMESTONE, broken.
i sPT- Tl I . @ 38.0'. LIMESTONE, weathered, with brecciated
2 88 T chert, orange gray. i .
AN g | 52 ==
wres”| LT _Auger refusal at 38.5-1t._Continued with NG core. _/ 1
40—1 T L LIMESTONE, moderately weathered, orange tan,
= | with ~30% chert as nodules and beds, some 7
- - -  brecciated. One to 3 fractures per foot, full water
s | circulation. Weathered Burlington—-Keokuk 605
n CH - Limestone.
e | i
e I - [ -
- | : 7
‘{ M-2 5] | 25 (L=l - CHERT, with brecciated zones, increasing with Seal— ]
45_ 42/66" - | depth, ~20% limestone, moderately weathered, 3/8" Enviroplug
| w ] ™ vuggy at 45.2'. 5+ fractures per foot, some Bentonite Chips i
N T.l. T | rubbled zones. ¢
| @ ~46.2'- ~49.0'. Sporatic fiuid circulation. Bit 600
N - = dropped at ~46.2' to ~46.5". B
- -_L L S,-!-——Static Water Leve ¥ .
- 3N . ) ) @ 47.9 ft. E
% - [m] - @ ~49.0'. Lost circulation permanently. :
T 50 NG-3 82 ml | LIMESTONE, slightly weathered, argilaceous, gray g" Dﬁmleter
1272 =T to tan. One to 6 fractures per foot. Weathered | Pborehole - i
- . TwT] . Burlington-Keokuk Limestone. 2
m | I 595
N Tam] 5 Centralizer =
- | - T
T | = o
o | ; _
- T ] - =l
o | Screen ad 7
55— =] 2 (10 Slot) 3I16L SS =}
= | s Continuous Wrap =Zf: 7]
- IR - =,
-] =t |s90
1 |w ] B . —=I:
| - ] ; 1
] o= | - ©585-58.8. Strengly weathered limestone, some Filterpack [ i
1l na-a T-l- I | styolites, orange tan, with brecciated chert. 10/20 Silica Sand F:
: a0 T . ’ = =
60—l "5 0 T - . .
u @ 59.6'- 64,9". LIMESTONE AND CHERT, ~50% : ]
64764 =T . . ;
T3 I S A A TS LW =f
, , i s . =I- .
] "I'_I. I | of chert. Shale seams at 60.7-ft. Weathered Centralizer L—>lat — o 965
Burlington—-Keokuk Limestone. — = i
. AN - ) Bottom Cap And
LT I Total Well Depth 4
N T T B 62.2-1t.
s | 7
] " I
65 Total cored depth 64.9'. Hole reamed to 8" g4 ';‘i'ft To -
. | diameter to 62.3' and a 2" monitoring well was ! :
constructed. 580—
7 r CONSTANT HEAD SINGLE PACKER TEST RESULTS .
- - 70_ L 42.0 - 49.5-ft. K = 2.0E-3 cm/sec
L 495 - 58.8-ft. K = .OE-5 cm/sec ]
] i 575—
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BOREHOLE DIAGRAM

MW-4039

3-9V]

(=

SM

Hydrologic
Testing

| TOC: 648.95
GS: 646,40

o ZF

=2

“

ite

d With
Posts

4 @ O

%o

2" 318L Stainless
h-Solids Benton
t (“Grout—-well")

Well Casing
Steel

Boreho

TeE
N

j«—9" Diameter
ehole

>
(o]
put
(i)

[m]
(<}
2
(=4
>
<t

Stratigraphic Unit
J

RGb Values
1 ) ] L J

.................................

QGet/Gfc unditf.
pPr

Vnininum ~ Ymaxnum  Yaverage

Elev |Depth
MSL |BGS

45—

640
635
625
615

620

=




BOREHOLE DIAGRAM Page 2 of 2

- u
= MW-4039 S
= Q g
E =]
Elev [Depth 2 Hydrologic
MSL |BGS 3<. I;«‘GD‘ Values Stratigraphic_Unit Testing
B10— % 8 & 40 ZQ R 36.3 i : ‘ .
i 68"_'_'_‘_"‘""
_405 L -
605 g |
I TR S —Seal : i
- 3/8" Enviroplug e

Bentonite Chips

: ne 46.3' :
A : .o . o N

T : 0 0o [ : _
AT | -—-static Water Lever . 7
y < @ 47.9 ft. : i

Le" iameter : ]
Borehole :

A
R SRR

= 595 P - ' -
T N 52.0'__| e——Centralizer
» Do (594.4) ]
gl

Screen -
2" (10 Slot} 316L SS :
Continuous Wrap : —

590~ ........

TG

RN «——Filterpack :
R B 10/20 Silica Sand : -
o H

Centralizer B
“Bottom Cap And .

| Total well Bepth :

62.2-ft. : .

] «<«—3" Hole To

655 64.9-ft, -

,m
|
—~
o
o
]

Yminimum !maxlmt;nm Yaverage
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@ommsoriowesenevamess. ne.  PRESSURE TEST RESULTS (FIELD) 020 XIS con
Project: ? Job Number: Test Section: e ____J8are Hfe:
HZOG‘ T2 MRS . . :
DELI NEATTIO D 4L 0 4G M43
Test Equipment Identification BORE HOLE TestBy—p (a1 D
Orientation: Size:
@
= Date: - -
SENSus Teow Hearre | \ger 3 ate: (2 - 2L -0l
Packers Groundwater Depth: Gauge Height Above Ground: |Gravity Head:
gin ?:Iségzble .
H;dgraulicllnﬂatabla 4156 Ft. 4.3 Ft. sa:/ FL
TEST 1 Inflow pressure (Hp)__/___{ psi x 231 = Q_ﬂéfeet
, TIME, MIN. 0 1 2 3 4 5 6 7 8 9 10_| Q AVERAGE FLOW
Meter Reading 1 0 4 | DA GPM
Gallo AV L0 5 %

Cur i“' N P W0 _ CFM
Take Per Min. 130.0]3¢.3]30.313p.2F | | 1 | ] |- CFM x 7.48 - GPM
Total Head (Hy) = Gravity Head (Hg) +  Pressure Head (Hp) - Head Losses (Hy)

BG.7 Fil=| 531 F|+| 34, m I
v - 04{'
Q@em) . ooyt _ 30. 2 1% K, CMISEC
HT (® x L I oo el I o2 | = L7y ss-3
TEST 2 Inflow pressure (Hp) 25 _ psi x 2.31 = SA8 feet
TIME, MIN. 0 1 2 3 4 5 6 7 8 9 10 | Q AVERAGE FLOW
Meter Reading . [ » </, 2 GPM
Gallons or \‘a “"\ f\é—aﬁ O‘ﬁ‘m 3
Cu. Ft, 'q'y ﬁ "ﬁ \° \ CFM
Take Per Min. [3¢. 439 i [st Hau2d ™ [ ] | | | |
Hr | /09,9 FT|=Hg| §2.) FL|+Hp| 7.8 FT|-H — FT
K= an_ x 011 in.—= = 3420 | | sys |- K,CMISEC-S
1099 X 7.8 L9% /0
TEST 3 Inflow pressure (Hp) __Zi. psi x 2.31 =ﬁ'_<£ feet
TIME, MIN. 0 1 2 [ 3 4 5 5 7 8 9 10| Q AVERAGE FLOW
Meter Reading A I8, 3 GPM
CD v6 \$ ] ‘D :
g:n:s > ne \‘3{\ @Y 4 - CFM
Take Per Min. [29. P29, 0 [28. W[28. W] { | [ | | |
M| 86T FT|=Ha| La.) Fifshp| 34,4 F|-m | — m
Q : L K, CM/SEC
K= x .011In.—= 288
x L r » x lg.0odS | = -3
HT 8(1 '—-' b 4 .7 'S ;2 b D X / O




~<haat |2

MORRISONKNUDSEN ENGINEERS, INC.  PRESSURE TEST RESULTS (FIELD)  / /, g x /0~ 4,.,‘/3,a

Pr%aétb . Job Number: Test SectionT_~__-\___[Bore Halex/
AT TEO :
N ; o 49.5 1 SBTS |Mw 039
Test Equipment Identification BORE HOLE Test By;
Orientation: Size: /R (AT
Verr 3 Date: /2 - 370
Packers Groundwater Depth: = Gauge Height Above Ground: |Gravity Head:
On Casinghle
Q@m“. 47.8 4| 3.2 <l §7.0 "
TEST 1 Inflow pressure (Hp) __;4__{_ psi x 2.31 =‘5__7'_5_ feet ‘
TIME, MIN. [ 1 2 3 4 5 8 7 8 9 10 | Q AVERAGE FLOW
Meter Reading \ O. 2 GPM
Gallons or & ‘6 A\‘{\ Q\\& A}' p-r&W
" Cu.Ft. ’ s ¥ |2 : CFM
Take Per Min. 10102021 0.24 | | | | | | CFM x 7.48 - GPM
Total Head (Hy) = Gravity Head (Hg) + Pressure Head (Hp) - Head Losses (Hy)
108 .% FL| = 571.6  FT|+ $7.8 FT.| - a— T
p.od7
Q (gpm) L (1) O, 9.3 K, CM/SEC
= OoMln————= .
R R I b7rer s oy 3 | %[ TS s | = hiaxso-e
TEST 2 Inflow pressure (Hp) __7—___ <o psu x 231 = 21_‘[ foet
TIME, MIN. 0 1 2 3 4 5 10 | QAVERAGE FLOW
Meter Reading 0 y a3 GPM-
Gallons or A'.')' ‘g?’ A}-Q QC\ ‘\'\'7
Cu. Ft. 'd VA ¥ ro|r CFM
Take Per Min. [o.310:.3]9,312:31] | | L | [ 1
Hr | /43, ¢ Fi|=Hg| 57.0 FT|+Hp| 92,4 FT|-H —_ FT.
Q L K, CM/SEC
K= x 011In.—= o1 3
L ) x| o.o =1, -5
HT x r 43,4 % 9.3 7 ] 0o
TEST 3 Inflow pressure (Hp) _{S_/_ psi x 2.31 =27 0 feet
[ TIME, MIN. 0 [ 1 2 3 | 4 5 6 [ 7 8 | 9 | 10 | QAVERAGEFLOW
mie‘-:‘er' Rzading Q ‘\ \ L(: ) 4)& 0 ’ ' : 7y, ( GPM
o S T
Take Per Min. L 0d iP5 ! 0 7: 0,4 b4 c{ i
Hr 1 178.0 —'-§=HG§ S1.0 i+t 29,6 Tt .
_ o JU L _j . - : ;K CMISEC :
K= e LX.O.?eﬂ.T-; 0:{ o (946‘/7 - [,L/X/O'S !
; 1780 7 9. : H




@MORRISON-KNUDSEN ENGINEERS, INC.
A ORRIZON

KNUOSEN COMPANY

PRESSURE TEST RESULTS (FIELD)

2 /2

Project: Job Number: Test Section: Bore Hole:
495 o 58,15 [MN4239
0 58 [ Ceny)
Test Equipment Identification . BORE HOLE Test By: N
Orientation: Size:
Date:
Packers Groundwater Depth: Gauge Height Above Ground: |Gravity Head:
On Casing
Single/Double
Hydraulic/inflatable Ft. Ft. Ft.
TEST 1 Inflow pressure (Hp) A psi x 2.31 = 57_‘.__6 feet
TIME, MIN. [ 1 2 3 4 5 6 7 8 9 10 | Q AVERAGE FLOW
Meter Reading e 9,6 D/ @ GPM
Gallons or Abp ﬁ JO‘ y\b"] xﬁ“? '
Cu.Ft . A anin cFm
Take Per Min. o210 0und]0.15] | | | | | | CFM x 7.48 - GPM
Total Head (Hy) = Gravity Head (Hg) +  Pressure Head (Hp) - Head Losses (H|)
/08 8 FL|= s7:0 FT.| + $7 8 FT.| - — FT
Q (gpm) L (f) O/ e K, CM/SEC
_— x .01 In ——e= ‘
ft) x L (ft x | H.04 = -
Hr (1) x L(®) I reyre e 7 7,4/ X/0 -
TEST 2 Inflow pressure (Hp) psi x 2.31 = feet
TIME, MIN. 0 1 2 3 4 5 (-] 7 8 9 10 Q AVERAGE FLOW
Meter Reading GPM
Gallons or
Cu. Ft. CFM
Take Per Min. | I | | [ | | | I |
Hr FT.| = Hg FT.| + Hp FT.| -H_ FT.
: K, CM/SE
K< —9 x.011ln.—|'—= CMISEC
Hr x L r < x =
TEST3 Inflow pressure (Hp) psi x 231 = feet
TIME, MIN. 0 1 2 3 4 5 6 7 8 9 10 | Q AVERAGE FLOW
Meter Reading GPM
Gallons or -
Cu. Ft. CFM
Take Per Min. | | | l | ] I P | |
Hr FT.| = Hg FT.| + Hp CFT| -HL FT.
K, CM/SEC
K= Q x.0Min—=
HT x L x X =




DEVELOPED BY _ptrné mcenmn et

WELDON SPRING SITE REMEDIAL ACTION PROJECT

WELL DE
PROJECT NAME __, /S ¢/~

AL aywe

1. Well No.:///p;‘qu

' WORK PACKAGE NO. 457/

CHECKED BY _p7724 ecearrax-? SHEET _2 OF _2

Loiw? Ay Dert .

m:\users\rogersp\document\wellform.Nb .

Well Locations:

Date/ Hrs. Dev./ Gals. Purged/ pH | Temp. | Cond. | 74, —Remarks—
Time | Cum. Hrs. Dev. | Cum. Gals. Purged '
&gy | Vo= 26 Ly | 22067 4 /,4
/55 | 938 1 67 [ a6 063 | 7.0
o3 |24 T a5 Thb () o !’00
Vo3 | 8153 79,0 ea0 |4 10,62 1].00
31959 [ 95 [hb [1#3 ht] o0
Yoo | 4000 70 bt lis-| | 164 | .00
VAAKEY: 2.0 bb 1153 | &t [ DR

E




COMPLETION REPORT FOR THE FROG POND GROUNDWATER INVESTIGATION

APPENDIX B

Analytical Data

DOE/GJ/79491-942 Rev. 0 e
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COMPLETION REPORT FOR THE FROG POND GROUNDWATER INVESTIGATION

APPENDIX C

Quality Control Data

DOE/GJ/79491-842 Rev. 0
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COMPLETION REPORT FOR THE FROG POND GROUNDWATER INVESTIGATION

APPENDIX D

Nitroaromatic Soil/Source Investigations in the Frog Pond Area

DOE/GJ/79491-942 Rev. 0




DATE:

TO:

FROM:

SUBJECT:

@ MORRISON KNUDSEN CORPORATION

Federal Programs Division

INTER-OFFICE CORRESPONDENCE

November 7, 2001
Distribution
Earl Dowell (Ext. 3134)

RESULTS OF THE NITROAROMATIC COMPOUND INVESTIGATION
TRENCHING IN THE FROG POND AREA ‘

Nitroaromatic contamination is increasing in select monitoring wells in
the frog pond area of the site. On October 18-19, 2001, investigative
trenching was performed at former ordnance works facilities and
drainage features in the frog pond area to locate possible sources of
the localized groundwater contamination. Attached for your information
is the laboratory data, trenching details, trench locations map, Scope
of Work, and Waste Analysis Plan addendum.

At each of the eight trenches the excavated materials were inspected
visually for nitroaromatics contamination, and a composite sample of
soil was taken from the bottom. At trench FP-08, a biased sample was
also obtained.

Results:

Trenches FPQ1-FP07 - no visible nitroaromatics contamination. Composite
samples for all nitroaromatics reported at less than 1 mg/kg {(ppm) or
undetected..

Trench FP-08 - nitroaromatics contamination noted in small pockets in
east portion of trench at two separate elevations. Total volume
estimated at approximately 2 cubic feet. Composite sample from soils at
bottom of trench 2,4,6-TNT result of 210 mg/kg; biased sample of
contaminated soil 2,4,6-TNT result of 1300 mg/kg.

Distribution:

Cato-Johnston, Becky: Lutz, Melissa
Delaney, Joe Meier, Jim
Hamilton, Karl Thompsorn, Jack
Hixson, Dave Uhlmeyer, Terri
Kerr, Mike Warren, Steve

Cc: Anderson,; Scott
Bailey, Ray
Enger, Linda
Pauling, Tom

"EC 2.1.19
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TRENCHING DETAILS

FP-01 TRAM LINE RELAY HOUSE

Sample #WM-D274-101901

- No visible indication of nitroaromatics contamination

~ Nitroaromatics analytical results all less than detection limits

- Trench excavated to depth of approximately 8 feet

Vitrified clay pipe at depth of approximately 5 feet, radiocactively contamlnated
No perched water

FP-02 CONFLUENCE OF DRAINAGE DITCHES
Sample #WM-D269-101801
- No visible indication of nitroaromatics contamination
- Nitroaromatics analytical results all less than detection limits
- Trench excavated to depth of 14-15 feet
~ Residuum encountered at west end of trench
- Trench length extended 10-15 feet at west end
~ No perched water

FP-03 NORTH DRAINAGE DITCH

Sample #WM-D270-101801

- No visible indication of nitroaromatics contamination -
- Nitroaromatics analytical results all less than 1 mg/kg (ppm) ///
- Trench excavated to depth of approximately 10 feet

Debris encountered includes concrete, metal straps, rebar .

No perched water

FP-04 SOUTH DRAINAGE DITCH/ROAD CULVERT

Sample #WM-D271-101801

-~ No visible indication of nitroaromatics contamination

- Nitroaromatics analytical results all less than detection limits

- Trench excavated to depth of approximately 12 feet at west end, approximately 18 feet
at east end

Remnants of metal culvert pipe found

No perched water

FP-05 SOUTH DRAINAGE DITCH, MIDDLE SECTION

Sample #WM-D272-101801

~ No visible indication of nitroaromatics contamlnatlon

- Nitroaromatics analytical results all less than detection limits
- Trench excavated to depth of approximately 18 feet

- Debris encountered 1ncludes brick, gravel

No perched water

FP-06 SOUTH DRAINAGE DITCH, SOUTH END

Sample #WM-D273-101801

- No visible indication of nitroaromatics contamination

- Nitroaromatics analytical results all less than detection limits
- Trench extavated to depth of approximately 19 feet

- Bedrock encountered at east end of trench

- No perched water

FP-07 SOUTH DRAINAGE DITCH, FORMER TANK LOCATION

Sample #WM-D275-101901

- No visible indication of nitroaromatics contamination

- Nitroaromatics analytical results all less than detection limits
- Trench excavated to depth of approximately 12 feet

- Small amount of debris

< No perched water

FP-08 FORMER T-13 TRI-NITRATION HOUSE LOCATION

East half trenched 10/18/01, west half trenched 10/19/01

Sample #WM~-D276-101901 (composite)

#WM-D277-101901 (biased)

- Visible nitroaromatics contamination in east end of trench at approximate 5 foot
elevation and near bottom of trench, though small amount (approx. 2 cubic foot
volume). No visible indications of nitroaromatics contamination in west end of
trench

2,4,6-TNT results for composite sample 210 mg/kg (ppm)

2,4,6-TNT results for biased sample 1300 mg/kg (ppm)

- Trench excavated to depth of approximately 12 feet

Trench length extended approximately 25 feet at west end (total 55 feet)

No perched water
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SCOPE OF WORK
NITROAROMATIC COMPOUND INVESTIGATION
TRENCHING IN THE FROG POND AREA

Purpose and Scope

Nitroaromatic contamination is increasing in select monitoring wells in the frog pond
area of the site. Possible sources include former Ordnance Works process building
locations and surface drainage features, associated with TNT Line #1. The purpose of
this proposed investigation is to locate possible sources of this localized groundwater
contamination by exposing subsurface regions of possible sources for visual inspection
and sampling of soil and water, as appropriate.

Trenching

The possible sources of contamination to be investigated include former Ordnance Works
process building locations, surface drainage features, and waste pond drainage associated
with line #1. Trenching is proposed at the following locations (Figure 1):

Building T-13 location
Building T-16 location
Building T-18 location
Various surface drainage locations (total of 5)

AN

s A summary of the coordinates of the center point of each trench and estimated maximum
‘ depth are presented in Table 1. All locations will be staked in the field by DHO prior to
field activities. The orientation of each trench is shown on Figure 1.

Table 1 Trench Locations

Trench ID Location Northing Easting Estimated Depth
FPO1 T-18 — Wet Powder Holdover 1043266.30 755958.93 8 ft
FP02 Drainage 1043290.70 756174.89 13ft
FPO3 Drainage 1043228.85 756270.70 8 f
FP04 Draimage 1043203.92 756086.23 1ot
FPOS Drainage 1043114.78 756034.21 16 ft
FP06 Drainage 1043023.92 755973.91 17#
FPO7 T-16 — Wash Wastewater 1043039.35 756129.06 12t
Settling Tank
FPO8 T-13 — Wash House 1042923.36 756229.24 6 ft

At each location, a trench will be excavated and soils inspected for discoloration
associated with nitroaromatic compounds. During trenching operations soils will be
placed in individual piles for visual inspection by the PMC. Trench walls and excavated
soil will be inspected for evidence of ordnance-era surface soils to assist locating
sampling horizons. There is a possibility that concrete foundations and/or piers may be
encountered during this activity.




After inspection and possible sampling by the PMC, the soils will be returned to the
trench. Efforts will be made to replace soils so that the bottom soils are returned to the
base of the trench. No trenches will remain open overnight.

SAMPLING

- If discolored soil or perched groundwater is encountered during trenching activities,

samples will be collected as outlined in the addendum to the Waste Analysis Plan, Rev.
10, DOE/OR/21548-128.




@ MORRISON KNUDSEN CORPORATION

Environmental/Government Group

INTER-OFFICE CORRESPONDENCE

DATE: September 25, 2001
TO: Distribution

FROM: Earl Dowell

SUBJECT: WASTE ANALYSIS PLAN, DOE/OR/21548-128 REV. 10:
' ADDENDUM FOR CHARACTERIZATION OF NITROAROMATIC
SOILS DURING TRENCHING INVESTIGATION IN THE

NORTHEAST REGION OF THE SITE '

The following Waste Analysis Plan Addendum outlines the
waste analyses that will be performed to characterize any
nitroaromatics contamination during trenching investigation
in the frog pond area. The sampling activity will be
conducted under the Waste Analysis Plan, Rev. 10,
DOE/OR/21548-128.

Nitroaromatic contamination is increasing in select
monitoring wells in the frog pond area of the site.
Possible sources include former Ordnance Works process
building locations and surface drainage features,
associated with TNT Line #1. The purpose of this proposed
investigation is to locate possible sources of this
localized groundwater contamination by exposing subsurface
regions of possible sources for visual inspection and
sampling of soil and water, as appropriate.

Historical info indicates  TNT/DNT contamination was
frequently washed from the Ordnance Works process buildings
into the surface drainages/ditches. Overflows or leaks
occurred from waste ponds, settling tanks, and piping.
Soils surrounding the process buildings were contaminated.

During trenching operations, the PMC will inspect the
trench walls and excavated soil for evidence of ordnance-
era’ surface soils to assist locating sampling horizons.
Soil and water samples will be collected if suspected




‘e

(discolored soil and/or water) is visually identified
during trenching. To reach former surface elevations it is
expected trenching depths of 10-20 feet will be necessary.
Trenching will be performed at the following locations (see
attached drawing):

. Building T-13 location

. Building T-16 location

. Building T-18 location _

. Various surface drainage locations (total of 5)

> W N

Soil and water samples will be placed in containers listed
in below table. Each soil sample will consist of 3 aliquots
from the sampled area, using plastic scoops. Samples will
be assigned a unique waste management identification
number. Sample depths and other pertinent information will
be documented on Field Sampling Data Forms. Quality control
samples will be obtained at a rate of 1 pér 20 samples, or
one per project. All record keeping requirements presented
in the Waste Analysis Plan will be adhered to as part of
this sampling addendum.

Analysis (soil) Container Preservative
Isotopic thorium, Radium-226, | Plastic bag (1000 grams) NA
Radium-228, Uranium-238
Nitroaromatics, TCLP Semi- 500 gram amber glass jars Cool (4 degrees C)
VOA (QC sample-1L amber glass)
Analysis (water) Container Preservative
Uranium, total 500 ml plastic bottle PH < 2, nitric acid
Nitroaromatics (GWOU list) 1 liter amber glass bottle Cool (4 degrees C)
(QC sample-3L amber glass)
TCE (if needed) 2 x 40 ml Vial 2 drops HCL, Cool (4 degrees C)
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ALARA Committee Meeting Minutes

November 13, 2001

Attendees: T. Pauling ©- AN dato S = D. Hixson ’
E. Dowell G. Valett * )’ J. Meier
L. Enger M. Lutz * M S. Warren W

* . Denotes ALARA committee members

*

The ALARA committee met on November 13, 2001 to discuss three issues. The first issue concerned the
results of exploratory trenching for nitroaromatic sources in the Frog Pond area of the Chemical Plant. The
second issue concerned the uranium concentration in a core sample collected near a vicinity property
location. The third issue concerned utility samples collected in Ash Pond work zone CU297.

ISSUE 1:

Exploratory trenching was conducted in the Frog Pond work zone in an attempt to identify a possible
nitroaromatic source which could potentially cause elevated concentration in nearby monitoring wells. Of
the three trenches excavated in August, 2000 and the eight trenches excavated in November, 2001, samples
in only one trench yielded any significant level of mitroaromatics. The trench was located at the former site
of ordinance works building T-13 (wash house). The site was selected in order to indicate whether any
large nitroaromatic sources were evident near the building footprint and the drainage in that area.

The soil was a very dark fill material until a depth of 12 feet, where natural soils were observed. Red -
stained soil was identified at a depth of approximately 4 - 5 feet in the excavation, which was initially
excavated to approximately 30' x 12' x 3-4' in size. Two samples were collected; one biased with regard to
the red soil and one a composite of red and surrounding soil. The trench was expanded to 55' x 12'x 3-4'
and then backfilled, with the stained soil being returned to the excavation first.

The samples were analyzed at an off-site laboratory for the six nitroaromatic compounds. The results
indicated 2,4,6-trinitrotoluene (TNT) concentrations of 1270 and 214 ug/g. Criteria levels for TNT are
identified in the Chemical Plant Area Cleanup Attainment Confirmation Plan as 140 ug/g for surface and
1,400 ug/g for subsurface. Therefore, the sample results are below subsurface criteria. '

In determining whether to excavate the material, several things were considered. First, it was determined
that applying subsurface criteria is consistent with the logic used in past similar situations with respect to
raffinate pits 3 and 4. Second, it was determined that the likely locations of nitroaromatic sources in the
Frog Pond work zone have been investigated and the ALARA committee members are confident that all
reasonable actions have been taken to identify any specific large nitroaromatic sources in that area.
Additionally, four new monitoring wells are scheduled for installation in locations bounding this area and
the wells will be monitored bi-monthly, similar to the existing wells in the area. The committee agreed that
it is not reasonable to conduct additional excavations or further remediation in this area. The data will be
forwarded to ANL.

ISSUE 2:

On November 7, 2001, a drill rig pulled a sample core from a boring near Vicinity Property 9. Drilling was
being performed to support geochemical characterization of the area north of the Femme Osage slough.
Beta-gamma measurements were taken along the length of the sample core. At approximately the 8 foot
level, at the interface between the oxidation and reduction zones, beta-gamma concentration levels up to
11,200 dpm were detected. The core was sampled and analyzed in the site laboratory. Qualitative results
of the core sample were 148.36 pCi/g uranium.




ALARA Committee Meeting
May 20, 2002

Attendees:  Dave Hixson* o Gene Valett"é/ Tom Pauling* (DOE)(/(6

Steve Warren’ﬁf,()l/ Melissa Lutz*#-  Dave Fleming
Becky Gatom Terri Uhlmeyer Earl Dowell
Karl Hamllton Mike Kerr

* ALARA committee member

Topic: Nitroaromatics identified during Storm Sewer construction

Background — On Saturday, May 18, 2002, DHO encountered TNT contaminated soils and a 12
inch CMP during excavation for the northern portion of the storm water drainage installation.
The 2-3” TNT contaminated soil lens was located approximately 6 — 12 inches above the CMP
(approximately 2 ft below the surface) and also at the end of the pipe. The eastern end of the
CMP, approximately 2 — 3 feet, was removed. The remaining portion of the CMP, length
unknown, contained water and was left in place. A qualitative TNT test was conducted on soil
from both locations. Both samples had positive results. The approximately 2 cubic yards of
material showing visible TNT contamination was placed on plastic and covered. The ditch was
backfilled so as not to collect any water. DHO then moved about 150 feet south and started
work again on the drainage, No additional suspect soils have been encountered as of this
meeting.

DHO will be directed to excavate the remaining drainage under the observation of ES&H
representative(s). Upon removal, the soils are to be made available for inspection. Any suspect
TNT contaminated soils or debris will be removed and placed into a separate pile (sheet poly
liner and cover). Any TNT-contaminated soils or debris in the excavation sidewalls or bottom
will be removed to a distance not exceeding 3 feet and placed into the suspect pile (chasing soils

beyond 3-feet of the trench requires-approval-fron: ?M{%Management and DOE). Soils removed =

that do not demonstrate TNT contamination will be placed into a “clean” stockpile or otherwise
handled by DHO. ‘ :

ES&H will sample the TNT-conjcaihinated stockpile once excavation activities are completed.
Final disposition will be burial on-site at a depth of at least 2 feet, pending analytical verification
that a representative sample of the suspect material does not exceed subsurface criteria for 2,4,6-
TNT (1400 mg/kg). The corrugated metal pipe encountered last weekend will be exposed and
ES&H will sample the water for uranium and nitroaromatics. DHO will be notified if this water
is to be managed or removed from the excavation based upon uranium KPA results. If uranium is
less than 600 pCi/l, it can be discharged to the surface in accordance with ES&H procedures.

cc: S. Anderson \
M. Oaks 3
B. Moore (MDNR)




Becky Cato

From: Earl Dowell

Sent: Thursday, May 30, 2002 5:14 PM

To: Steve Warren; Thomas Pauling; David Hixson; Terri Uhimeyer; Melissa Lutz; Becky Cato
Cc: David Fleming; James Harvey; Clark Oberlag

Subject: Stormwater Drainage - TNT Soil Removal and Culvert

TNT contaminated soils were removed today from the area previously discovered in the stormwater drainage, north end.
Approximately 12 yards have been removed to date, now stored on and under poly sheeting in the former TSA region. As
typical, much of the material removed is not nitros since cannot be efficiently separated during excavation. Approximately
30 feet of trenching was accomplished.

The culvert was found and 150 gallons of water removed and placed in drums upon secondary containment. KPA results
non-detect at 0.7 pCi/L. Clark obtained filtered/unfiltered samples for offsite nitros analysis.

The exposed end of the culvert was surveyed with 44-9; interior/exterior results <60 cpm (<1000 dpm), and left in place.

DHO will begin trenching at the south end tomorrow, and work back towards the nitros area.

Please pass this info along to anyone | may have missed. Thanks
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MK-FERGUSON COMPANY -

Client Sample ID: WM-D284-060202 53;(/

HPLC
Lot-Sample #...: F2¥040215-003 Work Order #...: EZE651AC : Matrix.........: SOLID
Date Sampled...: 06/02/02 Date Received..: 06/04/02
Prep Date......: 06/12/02 Analysip Date..: 06/17/02
Prep Batch #...: 2162578
Dilution Factox: 1
% Moisture..... s 17 Method.........: SW846 8330
REPORTING

PARAMETER ) RESULT LIMIT UNITS
1,3-Dinitrobenzene ND 0.11 ua/g
2,4-Dinitrotcluene ND 0.073 wg/g
2,6-Dinitxotoluene ND : 0.12 ug/g
Nitxobenzene ND 0.097 ug/g
1,3,5-Trinitrobenzene : 0.78 0.048 ug/g
2,4, 6-Trinitrotoluene 750 B 0.097 ug/g

PERCENT RECOVERY
SURROGATE RECOVERY LIMITS
1,2-Dinitrobenzéne 20 (69 - 11l)
NOTE (S) :

Results and reporting limits have been adjusted for dry weight.

E Estimated result. Resujt concencration excteds the calibration range.
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MK-FERGUSON COMPANY

Client Sample ID: WM-D284-060202

HPL.C

Lot-Sample #...: F2F040215-003 Work Oxder #...: BE2E652AC Matrix.........: SOLID
Date Sampled...: 06/02/02 Date Received..: 06/04/02

Prep Date......: 06/12/02 Analysis Date..: 06/28/02

Prep Batch #...: 2162578

Dilution Factor: 100

% Moisture.....: 17 Method......... : SWB46 8330

; REPORTING
PARAMETER RESULT LIMIT : UNITS
1,3-Dinitrobenzene ND 11 ug/g
2,4-Dinitrotoluene ND 7.3 ug/g
2, 6-Dinitrotoluene ND 12 ug/g
Nitrobenzene ND 9.7 ug/g
1,3,5-Trinitrocbenzene ND 4.8 ug/g
2,4,6-Trinitrotoluene 850 9.7 ug/g
PERCENT RECOVERY

SURROGATE RECOVERY LIMITS
'1,2-Dinitxrobenzene 0,0 DIL (69 -~ 111)
NOTR(S) :

DIL The concentration is estimated or not reported due to dilution or the presence of Jnterfering analytes.
Rezults aud reporting limits have been adjusted for dry weight.
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MK-FERGUSON COMPANY

Client Sample ID: WM-D283-053002 \Huf‘;’ﬂ/

HPLC
Lot-Sample §#...: F2F040215-001 Work Order #...: E2E601AC Matrix......... : WATER
Date Sampled...: 05/30/02 Date Received..: 06/04/02
Prep Date......: 06/06/02 Analysig Date..: 06/14/02
Prep Batch #...: 2157228
Dilution Factor: 1 Method.........: SWB46 8330
REPORTING
PARAMETER RESULT LIMIT UNITS
2-Amino-4,6- 1200 B 0.030 ug/L
dinitrotolueng
4-Amino-2, 6- 670 B 0.030 wg/L
dinitrotoluene .

1,3-Dinitrxobenzene 0.23 0.090 ug/L
'2,4-Dinitrotoluene 4.0 0.060 ug/L
2,6-Dinitrotoluene ND 0.10 ug/L
Nitrobenzene ND 0.080 ug/L
2-Nitrotoluene ND 0.030 ug/L
3-Nitrotoluene ND 0.030 ug/L
4-Nitrotoluene ND ~ 0,030 ug/L
1,3,5-Trinitrobenzene 3.2 0.040 ug/L
2,4,6-Trinitrotoluene 1600 B 0.080 ug/L

PERCENT RECOVERY
SURROGATE RECOVERY LIMITS
1,2-Dinitrobenzene 89 (41 - 124)

NOTE(S) :

E Estimated result, Result concentration exceeds the calibration range.




L
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MK-FERGUSON COMPANY

Client Sample ID: WM-D283-053002

HPLC
Lot-Sample #...: F2F040215-001 Work Order #...: E2E602AC Matrix
Date Sampled...: 05/30/02 Date Received..: 06/04/02
Prep Date...... : 06/06/02 Analysis Date..: 06/28/02
Prep Batch #...: 2157228
Dilution Factor: 200 Method.........: SW846 8330
REPORTING
PARAMETER RESULT LIMIT UNITS
2-Amino-4,6- 820 , 6.0 ug/L
dinitrotoluene '
4-Amino-2,6- 470 6.0 uwg/L
dinitrotoluene

1,3~Dinitrobenzene ND 18 ug/L
2,4-Dinitrotoluene ND 12 ug/L
2,6-Dinitrotoluene ND 20 ug/L
Nitrobenzene ND 16 ug/L
2-Nitrotoluene ND 6.0 ug/n
3-Nitrotoluene ND 6.0 ug/L
4-Nitrotoluene ND 6.0 ug/L
1,3,5-Trinitrobenzene ND 8.0 ug/L
2,4,6-Trinitrotoluene 1200 16 ug/L

PERCENT RECOVERY
SURROGATE RECOVERY ) LIMITS
1,2-Dinitrobenzene 0.0 DIL (41 - 124)

NOTE (S) :

PAGE 83

..........

DIL The concentration Is estimated or not reported due to dilution or the presence of interfeting analytes.
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